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ABSTRACT 
An enantioselective reaction through a catalytic process is recognized as one 
of the most important and challenging problems in organic synthesis and therefore has 
received much attention. The successful use of metal complexes for enantioselective 
catalysis is largely dependent on the structure and electronic properties of chiral 
ligands, therefore, it is important to design and to synthesize new chiral ligands. In 
this project, seven novel chiral pyridylphenols (75a, 75b, 75c，93a，93b, 97a，97b) 
have been synthesized through Suzuki cross-coupling. Strong bases such as K O ^ u 
have been shown to enhance the rate and the yields. Two of the chiral pyridylphenols 
[(±)-75b and ( l ) -93a] have been resolved successfully. 
Serving as a new type of amino alcohols, asymmetric additions of diethylzinc 
to aromatic aldehydes catalyzed by (/?)-(+)-75b, (5)-(-)-75b and (/?)-(+)-93a have 
been studied. The solvent effect, temperature effect , and the influence of the 
concentration of catalysts on the enantioselectivity of addition reaction have been 
studied. Most remarkably, electronically different substrates exert a remote 1, 5 -
electronic e f fec t on the enantioselectivity of the reactions. In the catalytic 
enantioselective addition of diethylzinc to p-substituted benzaldehydes catalyzed by 
the chiral pyridylphenol (/^)-(+)-75b, the enantioselectivity (1) depends on the 
electronic effect of the aryl aldehydes in a linear free energy relationship and (2) 
increases with more reactive substrates. 
t^  
ABBREVIATIONS 
Anal. analytical Me methyl 
nBu butyl MeO methoxy 
tBu ^rT-butyl MeOH methanol 
o c degree Celsius min minute(s) 
Calcd calculated mp melting point 
d day (s) mmol millimole(s) 
DMAP 4-dimethylaminopyridine MS mass spectrometry 
DCC N, N'- dicyclohexylcarbodiimide NBS "-bromosuccinimide 
DCU dicyclohexylurea NMR nuclear magnetic resonance 
DME dimethoxyethane OAc acetate 
DMF iV,A^dimethylformamide ppm part per million 
Et ethyl R / retention factor 
EtOH ethanol RT room temperature 
FAB fast atom bombardment TBABr3 tetrabutylammonium tribromide 
g gram(s) THF tetrahydrofuran 
、 
h hour(s) TLC thin layer chromatoraphy 
Hz hertz TMS tetramethylsilane 
JR infrared TR retention time 
J coupling constant 
M moles per liter 
^ : 
M+ molecular ion 
rn/e mass per charge ratio 
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Chapter I Introduction 
Molecular chirality is a principal element in nature that plays an important role 
in the context of biological activity. The interaction of an optically pure material with 
a receptor may manifest itself differently in biological and physical function which 
results f rom precise molecular recognition. For example, 5-configurated asparagin 
tastes bitter (Table 1)，its enantiomer tastes sweet. Only one of the enantiomers of the 
chloropropane diol shows antifertility activity. The sedative thalidomide was 
marketed as a racemate, one enantiomer of this racemic mixture is an effective 
sedative, the another enantiomer [(5)-isomer] is devoid of sedative activity but is one 
. ！ 
of the most potent teratogens known to date.l Marketing of the racemate in Britain led 
to an entirely avoidable human tragedy. 
Table 1. Optical configuration and biological activity 
' ' - r ^ O H I H C ^ N H 2 
H2N ^ ； H ^ H 2 
(5)-Asparagin � 1 (/?)-Asparagin 
Bitter ！ Sweet 
c i - y r ^ o H 1 H c T x ^ c i 
HO U ！ P|bH 
(i?)-Chloropropane diol I (5)-Chloropropane diol 
Toxic , Antifertility activity 
d c o I o o h 
O ^ N ^ O 1 0 * f j 0 
(iJ)-Thalidomide • (5)-Thalidomide 
Sedative • Teratogen 
I 
Increasing understanding of pharmacokinetics and mechanism of action of 
enantiomers in biological system has led to the development of dmgs,2 agro-
chemicals and food additives in optically pure form. According to a recent report,^ 
more than 50% of commercial drugs available worldwide have stereogenic centers. 
Discovery of truly efficient methods of obtaining chiral substances is a substantial 
challenge for organic chemists. Usually, optically pure organic materials are obtained 
by four ways: 
a. Fermentation technology^ 
b. Resolution of the racemic mixture^ 
c. Chiral pool synthesis^ 
d. Catalytic asymmetric synthesis^ 
In the early days, it was generally believed that optically pure compounds 
could only be obtained by biological, enzymatic or resolution method. For a long time 
access to highly enantiomerically pure compounds, at least in a practical sense, was 
thought to be nature's monopoly and has indeed been accomplished by biological or 
biochemical transformation. Although these biological and biochemical methods have 
their own strengths and are powerful regard to the synthesis of chiral substances, 
particularly those that occur in nature; however, many biological production systems 
•>-• 
exhibit too high specificity (single handed，lock-and key specificity) to substrates, the 
* scope of these transformations is limited. 
Organic synthesis, on the other hand, is characterized by generality and 
梦 、 
flexibility. Efficient creation of optically active organic molecules f rom prochiral 
compounds by chemical means, though challenging, has remained difficult, and only 
8r 
optical resolution and structural modification of naturally occurring chiral substances 
such as amino acids, tartaric acid, lactic acid, terpenes, carbohydrates, and alkaloids 
have provided complements in this respect. 
However, assiduous efforts have been made by synthetic organic chemists in 
the last three decades and great progresses are achieved at both academic and 
industrial level. Asymmetric catalysis which uses a small amount of a chiral catalyst 
to produce naturally occurring and nonnaturally occurring chiral materials in large 
quantities is an ideal method for synthesizing optically active compounds. In recent 
years, with the progress of science and technology, enantiomerically pure molecules 
are routinely prepared in laboratory quantities. High degrees of stereroselection have 
already been seen in various catalytic organometallic reactions (Table 2). 
Table 2 Asymmetric catalysis in various of organic reactions 
Reactions | Ref. 
Hydrogenation 8 








Conjugate addition n 
Aldol-type reaction ]J 
Addition Organometallics to aldehydes 9^ 
Olefin hydrovinylation ^ 
Hydrocynanation 21 
^ Allylic alkylation ^ 
Polymerization 23 
Cyclopropanation 7a，24 
Diels-Alder reaction 25 
Cycloaddition Ene reaction ^ 
[3+2]-cycloaddition 27 
[2+2]-cycloaddition 28 
Organometallics-organic halides coupling 7a，29 
Substitution Epoxide opening 52 
Heck reaction 31 
In fact , some of these methods, such as the Sharpless asymmetric 
epoxidation,3 2 binaphthyl strategy,33 asymmetric hydrogenation process34 and 
asymmetric cyclopropanation m e t h o d o l o g y 3 5 have reached a level of viability such 
that industrial applications are feasible (Table 3). 
Table 3. Commercial applications of asymmetric catalysis 
Company Metal Reaction Type Ultimate Product References 
Monsanto Rh Hydrogenation L-DOPA 36 
Sumitomo Cu Cyclopropanation Cilastatin 37 
Anic. Enichem Rh Hydrogenation L-Phenyl alanine 38 
J. T. Baker Ti Epoxidation Disparlure 32a 
ARCO Ti Epoxidation Glycidols 39 
Takasago Rh Rearrangement L-Menthol 40 
Merck B C=0 reduction Opthalmic 41 
E.Merck Mn Epoxidation Anti-hypertensive 42 
Takasago Ru Hydrogenation Carbapenem 43 
V 
To the author's knowledge, the first example of an asymmetric synthesis from 
prochiral compounds catalyzed by homogenous metal complexes was reported in 
1966,44 with the use of a small amount of Cu (n)-chiral Schiff-base complex, ethyl 
d iazoace ta te was decomposed in s tyrene to give cis and trans-2-
phenylcyclopropanecarboxylic ester in less than 10% ee (eq 1). 
S 
A Cu*Cat ^ P V ^ C O O E t 
p / % . + N2CHCOOEt ^ ^ ^ � 
I < 1 0 % e e 
r " V > } p h 
C u * C a t = 乂 r r ° ^ v ^ ^^ O^.C.u T ] 
P h < ^ N ^ / k ^ 
Hydrogenation of multiple bonds to create stereo-defined tertiary carbon 
centers is an extremely important organic reaction. In 1968, H o m e r 4 5 and K n o w l e s 4 6 
discovered independently o f e a c h other that prochiral olefins can be enantioselectively 
hydrogenated using Rh complexes of the Wilkinson-catalyst type with chiral tertiary 
phosphines in optical yields of 3-15%. 
Since the discovery of asymmetric cyclopropanation of olefin in 1966 and 
invention of asymmetric olefin hydrogenation in 1968, more and more attention has 
been focused on the catalytic asymmetric synthesis due to their synthetic utility and 
••. 
their great potentials in industrial applications. Recent rapid progress in the 
> development of catalytic asymmetric reactions has enabled the synthesis of various 
optically active compounds with high optical purity. Perhaps the most important 
advantage of enantioselective catalysis is the feature of chiral multiplication. Under 
the right condition, thousands of chiral product molecules can be produced by one 
feS-
molecule of catalyst. Chiral multiplication is a characteristic of both biocatalysis and 
^ catalysis by chiral metal compexes. Recently, asymmetric catalysis using metal 
complexes has advanced to the point where it can often provide a viable alternative to 
biocatalysis. The strengths of chiral catalysts tend to complement those of enzymes: 
a) chiral catalysts can promote reactions not known to occur in nature; b) the chirality 
of the catalysts is easily modified by appropriate changes in the ligands; c) one can 
use substrates not accepted by enzymes; d) volumetric productivity is typically high; 
e) separation and recovery of products are relatively easy and f) synthetic chiral 
catalysts are generally less capricious than enzymes, which are often susceptible to 
degradation caused by heat, oxidation, and pH. 
Chiral organometallic compounds are generally valid and broadly powerful in 
asymmetric catalysis. High enantioselectivity can be obtained by choosing the proper 
catalyst, substrate, and reaction conditions. It is not easy to devise a chiral catalyst 
because very often the configuration-determining step of the catalysis is not known. It 
is also very difficult to predict f rom molecular models or X-ray crystallographic data 
how the chiral ligand will be oriented in the coordination sphere of the metal and what 
are the chances of a good chiral discrimination at the key steps of the catalysis. 
Further complications arise from the fact that during the reaction some intermediates 
with labile chiral metallic centers can be created. Because the level of our 
understanding of organometall ic structures and mechanisms remains unclear. 
Unifying views on the structure-reactivity relationship or reliable selection rules have 
not appeared, most of asymmetric reactions have been devised on a rather empirical 
basis or discovered accidentally. It is believable that further understanding of the 
structure and reactivity as well as selectivity of chiral catalyst-substrate will enable 
this methodology，which is based on molecular recognition and makes use of 
accumulated chemical knowledge, is more rational and versatile. 
c 
I The basis of asymmetric Catalysis 
•fc 
Let us consider the case in which a prochiral molecule which is transformed 
;.t 
into a chiral product; In the presence of an achiral catalyst, the two enantiomers will 
be formed in equal amount because the two transition states, TSR and TS5, are in an 
enantiomeric relationship to each other, the racemate results; thus we talk about a 
,^  I 
"symmetric synthesis". If the catalyst is modified by introduction o fach i ra l l igand , 
I Chiral auxiliary | 
E 丨 E 
TSf? i 
…•丨 ^ 3 . 
/ \ 丨 厥…丄… 
/丫饿 
J • • _ 辑• _ MM • • —^ — • • • 士 • _ • ^  
J I Prochiraladduct| ^ ^ ⑩ 
M^or S enantiomer \ R enantiomer Major 
p9otfuct ^ ‘ • p9ocf^t I 
Reaction coordinate 
Figure 1 Basis of asymmetric catalysis 
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Figure 2 Relationship between AAG * and optical purity 
the two competitive transition states remain, but they are no longer mirror images, the 
interaction now leads to diastereomeric transition states and their relative efficiencies 
must be different (Figure. 1)，which differ energetically by AAG^. As a result, one 
enantiomer predominates and we have an asymmetric synthesis. 
A good choice of the chiral ligand should decrease the rate of formation of one 
enantiomer of the product, allowing high selectivity in the formation of the other one. 
The extent of asymmetric induction and thus the optical purity, P, of the chiral 
product depends, of course, on the magnitude ofAAG*. 
At room temperature, a AAG^ of about 3 kcal/mol is necessary to achieve an 
almost complete asymmetric induction (Figure 2) . This small value, about the 
rotational barrier of ethane, makes the difference between deep depression and high 
excitement. 
Asymmetric catalysis is a four-dimensional c h e m i s t r y . 3 3 a The concem of 
synthetic chemists to create stereo-defined structures has relied heavily on 
manipulation of spatial factors, but this is insufficient. The high efficiency that these 
reactions provide can only be achieved through a combination of both an ideal spatial 
structure and appropriate kinetics. In order to optimize chiral multiplication, efficient 
catalytic systems has to be created in which precise enantiotopic atoms, groups, or 
faces discriminationin in prochiral molecules could be obtained. 
II Chiral catalysts 
Chiral catalysts include the chiral ligand and the central metal; ofcourse, there 
are some reactions that only need a chiral ligand and need not a metal c e n t e r . 4 9 These 
organometallic catalysts not only accelerate reactions of associated substrates, but 
they also control the stereochemical outcome of reactions in an absolute sense. They 
are neither symmetrical particles nor flat plates, but they are endowed with 
functionality and chirality which allow differentiation of transition states, 
j • 
n-I Central metals 
In theory, chiral metals (M* which is attached with four different ligands and 
have a vacant orbital) are the best chiral catalyst. Such species is not only a catalytic 
center, but also is a chiral center. However, the ligands usually are labile and easily 
dissociated, especially for first and second row transition metals. The complexes are 
therefore easily racemated during a catalytic process. Consequently, the application of 
chiral metals in asymmetric catalysis is restricted and indeed is very rare.82,85 
For chiral catalysts, the catalytic activity basically originates f rom the metal 
center, and the stereoregulation is made possible by the chiral ligand attached to the 
metal center. Metal center and chiral ligand are two aspects of a chiral catalyst and 
therefore the choice of metal center is very important. Main group metals and 
transition metals have been used in asymmetric catalysis. Main group metals, such as 
Li, Mg, Ba, A1, transition metals, such as Sc, Ti, Mn, Fe, Co, Ni, Cu, Zn, Ru, Rh, Pd, 
Pt, Os, Ir and rare earth metals, such as Eu, La, Ce, Sm, even non-metal B act as 
center atoms and play an important role in catalytic enantioselective reactions. 
Research and practice by chemists provide some guidelines. It has been found that Rh 
and Ru chiral catalysts fit optimally for the asymmetric hydrogenation of various 
unsaturated double bonds. Chiral Ti complexes behave best for Sharpless epoxidation. 
Metals A1 and Ti chiral complexes serve optimally for asymmetric Diels-Alder 
reaction. Metal Pd is one of the best central metal for asymmetric allylic alkylation 
reaction. Chiral Os complexes are very effective catalysts for enantioselective 
dihydroxylation of olefins. Chiral Cu catalysts are best fit for the asymmetric 
cyclopropanation of o l e f i n s . 4 7 Thus, central metals behave differently for various 
reactions. 
Even for the same reaction, different metals showed the remarkable effects on 
the enantioselectivity for the ene reaction between chloral and (-)-P-pinene (Table 
4).48 
i j 
Table 4. Effects of the metal on the enantioselectivity 
y > ~ v , 2% Lewis acid ^ \ 
^ 0 + Cl3CCH0 ^ ^ 3 
f| C I 3 C ^ 0 H 
H 
Lewis acid AICI3 SnCI3 FeCI3 
Ratio ofS/R 76:24 90:10 97:3 
n - n Chiral ligands 
The history of catalytic asymmetric synthesis is the history of the design and 
synthesis of new chiral ligands and the study of their utility as chiral controllers in 
chemical reactions. The design of chiral l igands is the key to develop new 
enantioselective catalysts. For a successful asymmetric synthesis, it is required that 
the right combination of chiral ligand and metal, the coordination of chiral ligand and 
metal or transition metal to form a skewed configuration that provides a chirally 
distinct microenvironment. These spatial characteristics exert a significant influence 
on the substrate coordination site, that is, these chiral metal complexes precisely 
discriminate between enantiotopic atoms, groups, or faces in prochiral molecules and 
catalyze production of a broad array pf "natural or unnatural substances of excellent 
enantiomeric purity. Since the successful use of metal complexes for enantioselective 
catalysis is largely dependent on the structures and electronic properties of chiral 
ligands, therefore, it is important to design and to synthesize new chiral ligands. 
However, very few general guidelines can be given about how to design a new chiral 
ligands as well how to design a catalytic asymmetric reaction. 
Generally, chiral ligands can be obtained by three ways: 
1. Natural products without any chemical modification 
At the earlier period, enantiomerically pure compounds mainly came from 
chiral natural products. However, naturally occurring chiral ligands are few in number 
and the enantioselectivity usually is not very high. Most of this kind of ligands are 
alkaloids and some of successful examples are listed in Table 5. 
Table 5. Chiral natural products used as chiral catalysts 
Entry Chiral catalyst Reaction ee (%) Ref. 
/>N 
1 ^ ^ r ^ \ [2+2] cycloaddition of ketenes 72 49 
k j 5 ^ l ^ j X | U s ^ and aldehydes 
o<^^o^ 
H /Pd allylic alkylation reaction 85 50 
2 | ^ ^ ^ f ^ N ^ /Pd addition of RZnBr to aldehydes 95 51 
^ ^ ^ " h T ^ H ^ /RLi polymerization of acrylic acid deriv. 100 52 
、 
2. Chiral ligands derived from chiral natural products 
Desired chiral auxiliaries can be obtained by proper chemical modification of 
chiral natural products. These ligands include various derivatives of alkaloids, amino 
acids, hydroxyl acids, carbohydrates, terpenes and so on. Some successful catalytic 




Table 6. Chiral catalysts derived from natural products 
Entry Chiral catalyst Reaction ee (%) Ref. 
from cinchona alkaioid 
'^y\^ cycloaddition of ketene and aldehydes >95 53 
1 ( / ^ addition of Et2Zn to aldehydes 92 54 
R O ^ ^ A ^ ^ /Co hydrogenation of a-diketones 78 55 
Xv^^"-vpN /Sn(OTf)2 addition of Me3SiCN to aldehydes 96 56 
^|^J]C J /Os dihydroxylation of olefine 99 57 
from epherine addition of R2Zn to aldehydes 95 54a, 58 
2 OH 
^^^5jJL^^ /Ni Micheal addition reactions 90 54a 
1 ^ ^ ^RRl /LiAlH4 reduction ofketones 98 59 
from proline 
3 /LiAlH4 reduction of ketones 95 60 
(|Sf^CHNRR ZLi isomerization ofepoxide 92 54a, 60 
R /Sn(OTf)2 addition of enolates to carbonyI compounds >98 61 
frnm hvdroxvDroline 
/Rh transfer hydrogenation of itaconic acid 97 62 
4 (R1)2^^ __ 么， 
^-~V /Rh hydrogenation of ketones 97 63 
f 4 ^ /Rh hydrogenation of enamides 98 64 
Boc P(R2)2 /Pt-SnCl2 hydroformylation of olefins 98 65 
from tartaric acid 
5 HO>^^COOR epoxidation of allylic alcohols >98 66 
j ^ tr\ oxidation of sulfides 97 67 
Ho "'COOR addition of Me3SiCN to aldehydes 91 68 
from lactic acid 
6 K ^ P P h 2 /Rh hydrogenation of enamides 91 69 
^ p p ^ /Co Diels-Alder reaction 81 70 
frQm gluco$c 
7 Ri>C>Ov^  




r > ^ 3 /Ni Grignard cross coupling reaction 99 72 
^ > ^ o ^ 
from camohor 
9 > ^ addition of R2Zn to aldehydes 99 54a 
/ r ^ N R 2 protonation of photodienols 91 73 
^ OH 
fmm menthol 
1 0 r^Js| /AlCl3 Diels-Alder reaction 72 74 
^ V ^ a H /Rh carbonylation of aziridines 99 75 
入 
3. Chiral ligands from non-natural starting materials 
As already pointed out, starting from enantiomerically pure natural products is 
only one way for obtaining chiral ligands. Many of chiral ligands have been prepared 
either by resolving racemic material or by enantioselective synthesis. Some important 
examples have been listed in Table 7. This strategy is a powerful means for obtaining 
chiral ligands and has its own advantages: a) the possibility to make chiral auxiliaries 
with chiral elements which do not exist in natural compounds, such as molecules with 
axial asymmetry (BINOL and BINAP), molecules with planar asymmetry like the 
ferrocene-derived phosphines, and ligands with an asymmetric Re 82 or P 85 atom; b) 
the opportunity to design ligands with structural elements not occurring in nature; c) 
both enantiomers of a given chiral agent can be made which is usually not possible 
when starting from natural compounds. This approach of course requires at least an 
intuitive understanding of the function of different parts of the chiral ligand. That is 
one reason the author has tried to analyze the efficiency of different structures and 
substituents. 
III Structural analysis of effective chiral ligands 
To meet the increasing requirement of asymmetric catalysis in both academic 
and industrial application, a lot of chiral ligands or auxiliaries have been prepared. 
This has prompted us to carry out a simple structural analysis. Instead of analyzing 
structural effects of related auxiliaries with high or low enantioselectivity we 
I 
compared only highly efficient ones. The conclusions derived in this way might be 
biased, but it is worth the effort. Because the majority of such cases deal with chiral 
auxiliaries that are used as ligands for enantioselective metal-based catalysts or 
reagents, much attention has been focused on this class of chiral agents in order to 
f ind common structural elements. For this purpose, the various ligands are 
distinguished 
Table 7. Some effective synthetic chiral catalysts 
Entry Chiral catalyst Reaction ee (%) Ref. 
f ^ ^ ^ y ^ ^ ^ /A1 hetero-Diels-Alder reaction 97 74 
5^^ "^ ^^ Y^"^ ^OH /B Diels-Alderreaction >98 74 
1 f ^ - " " V S r O H /K Michael addition reaction 99 76 
^ x W ^ p /LiAlH4 reduction ofketones 100 57b 
BmOL 
^ j ^ v ^ ; j ^ /Rh isomerization of allylamines 99 64a,77 
1^^5^AyXppj^^/Ru hydrogenation of P-functionalized ketones >99 77 
2 ^^::^.^.J^ P P^2 /Ru hydrogenation of acrylic acid deriv. >99 77 
yi^ ^ I 
i^ s^ J^Lss；；^  /Ru hydrogenation of acrylic alcohols 99 77 
B I N A P /Rh hydrogenation of olefin 96 78 
0 . 0 
^^5y^p..«»'~ 
3 T 广 o M e / ^ hydrogenation of enamides 97 64a 
d ^ 
> ^ J ^ NHR ZPd allylic alkylation reaction >98 79 
\ 2 f ^ /Au aldol reactions of isocycanacetates 96 79 
4 p PAf2 
_^X /Pd Grignard cross coupling reaction 97 80 
% : ^ /Rh hydrogenation of enamides 93 81 
、 
^ T P A r 2 
.— 5 / R e /Rh hydrogenation of enamides 98 82 
Ph3P0N PAf2 
O L n 
6 ^ v ^ j k H /Ti hydrogenation of ethylstyrene 96 83 
‘， 气 
7 P h ) ^ P h addition of Et2Zn to aldehydes 91 84 
HO NMe2 
according to the number and type of donor atoms and in the Figures 3-8, the entries 
are arranged according to the chelate size, and type of backbone. 
m - I Monoden ta t e Ugand 
Reports in this area have been very sparse, most of this kind of ligands are 
derived from chiral natural products. As a rule, monodentate ligands are less effective 
for the control of the stereochemical outcome of a reaction. This is confirmed by the 
small number of effective catalysts listed in Figure 3. 
^ ¾^ ^  
lP4>57] 2p9au86) 3Pl 
\ 0 ^ R 
P h 2 P O ^ ^ O M e r O " O v / ^ . - ^ B X 
妨 i ^ ® 
4p7) # 8 � 6(891 
f V * i x 
y 人 
8a X= OH^ '^9^1 
7POl 8b X= F>FW@ 
Figure 3 Structural elements of effective monodentate ligands 
The ligands depicted in Figure 3 are remarkable exceptions to this rule. They 
are similar in that all are cyclic structures, most of them are very bulky, and there is a 
unique and distinct ligand atom. They differ in that the distance of the metal from the 
next asymmetric center varies between one bond (directly bound to it ) and three 
bonds. The ligand atom can be part of a ring system, attached directly to the ring or 
one atom removed. 
III-II Bidentate ligands 
The idea o fus ing bidentate chiral ligands originates from the expectations that 
the rigidity gained from the chelate ring which is formed by a chiral ligand with metal 
or transition metal should improve the stereoselectivity of the reaction. There has been 
far more concentration of effort in the area of bidentate ligands than that of 
monodentate species described above. These may in part be ascribed to the facility 
with which materials can be derived from chiral natural products and the fact that this 
material is readily available in both enantiomeric forms. 
1. Bidentate phosphine ligands 
In the early 1970s, Kagan, Knowles, and others developed Rh (I) complexes 
of chiral chelating diphosphines and had great success in the asymmetric 
hydrogenation of a-acylaminoacylic acids (eq 2). Since then, a great number of 
optically pure diphosphines have been synthesized and used as chiral ligands. 
V 4 ^ P P h 2 
广^<^4^ ^PPh2 
Ph NHCOMe 0 i ^ Ph NHCOMe 
W y ^ V_^..,H (2) 
COOH Rh(l) COOH 
70% ee 
Kagan's introduction o f D I O P 93 is especially significant not only because this 
represents the first general, high-level (95:5), catalytic asymmetric induction process 
but also is historically the first C2 chiral ligand. Some typical chiral diphosphines are 
listed in Figure 4 . The entries are arranged according to the ring size of the metal 
chelate complex. Today, the asymmetric hydrogenation of enamides with Rh 
diphosphine complexes is the most widely investigated catalytic enantioselective 
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Figure 4 Structural elements of effective bidentate phosphine ligands 
reaction. Biphosphine ligands are effective for other reaction types as well. This is 
partly due to the wide variety of different ligands available. Some trends can be 
discerned. In most cases, the ligating group is a diphenylphosphine; substituted 
phenyl groups, or alkyl or cycloalkyl substituents leading to improved optical yields; 
the P atom can be bound to the backbone via an 0，N, or C atom. 
Ligands that can form five-membered chelates are effective both with an 
acyclic or a cyclic backbone but the former types are more versatile. It is possible that 
complexes of the type l l 9 6 with two connected five-membered rings are so rigid 
that only few substrates fit optimally. A similar observation has been made for the 
synthetic ligand NORPHOS (1297) for the hydrogenation of aliphatic a -ke to esters. 
Six-membered chelates seem less suitable and indeed are very rare. The only effective 
f 
one is the synthetic 2,4-bis(diphenylphosphino)petane (15l00) where ee，s up to 99% 
have been reported. Ligands forming seven-membered metallacycles are the most 
numerous. It is not easy to see common structural features which might be 
advantageous because high optical yields are observed for very di f ferent 
arrangements: acyclic or cyclic backbone; five- or six-membered rings; the phosphine 
atom attaches either directly to the ring or via C, N, or 0 links which can be at a 1，2-
or 1, 3-position. 
2. Bidentate oxygen ligands 
This area appears to have received far more attention possibly in part because 
these ligands can be derived from chiral natural products. Most of these bidentate 
oxygen ligands are C2-symmetric molecules. These ligands are used preferentially for 
first row and early transition metals. The variety of structural types is rather narrow. 
Some typical structural types are depicted in Figure 5. The five-membered chelates 
all have an acyclic backbone. In the ligand type 26,72 the substituent R next to the 
donor oxygen atom does not have to be very bulky. The heteroatoms that are 
usually present probably do not play a role for the the enantioselection. For the 
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Figure 5 Structural elements of effective bidentate oxygen ligands 
， seven-membered chelates, the aryl substituents a to the oxygen are essential for good 
optical yields. It is conceivable that they are involved in the transmission of the 
stereochemical information f rom the asymmetric centers or faces which are quite far 
f rom the metal sites. 
3. Bidentate nitrogen ligands 
These ligands are used for the widest range of different types of catalysts and 
reactions. They are mostly derived f rom amino acids and bipyridines. Some typical 
structural types are depicted in F igure 6. With the exception of ligands 34，41 and 42， 
the ligand atom is part of a ring, in a-posi t ion to an asymmetric center. The ligands 
3558 and 3950 are rather unusual. The metal complex of ligand 35 could be called 
‘ . 
convex while the complex of ligand 39 is much more concave; their mode of optical 
induction is therefore expected to be different but is at present not known. The ligand 
31 developed by Mukaiyama can be varied widely and has been applied for several 
types ofreact ions.6l These and similar proline-derived reagents probably own their 
properties to the rigid bicyclic structure. Ligands 32，33，38 and 40 belong to a new 
and very promising type of ligand which was introduced by B m n n e r " l b a n d 
Pfaltz.ll6b 
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Figure 6 Structural elements of effective bidentate nitrogen ligands 
4. Bidentate ligands with 0，N, P, or S donor atoms (Figure 7) 
A number of different ligands with an 0 and a N donor atom that can form 
five-membered chelates have been developed in the last decade for a large variety of 
highly selective reactions. Structural elements are similar to the cases already 
discussed above. A series of chiral p-amino alcohols, mostly derived f rom amino 
acids, effect accelerated addition of Et2Zn to aldehydes which is the best developed 
application of these auxiliaries. The ligand 47 59b is one of the few effective 
“ 广 v / 9><^ 
FT.^DH ArSO^HN OH R o f l 
4 3 ( 5 4 3 . 5 8 . 1 1 9 ] 4 4 [ i 2 O ] 4 5 ^ 1 2 1 � 
# P R 2 
^ ^ R ^ N R 2 ^ C ^ N M e 2 
l r ^ - ^ “ M e 
4g[54a.89a.73] 4yp9b] 48^22] 
H . M e 
C l M e C C i ^ ^ _ 2 
Y ^ - . . . . . H ^ Y t � S R 
Ph2P _ 2 Q ^ P P h 2 _ 
49[i23] 5Q[124] 5i[125] 
r^ ; 
m 
>SR p %y^''OMe 
、 化 _ a : o u " ^ 
5^54a] 53^ 126] 54l127] 
Figure 7 Structural elements of effective bidentate ligands 
with N, 0, P, or S donor atom 
phosphine/nitrogen ligands, and the ligand 52 is a rather rare example of sulfur as a 
ligating atom. 
m - i n Potentially Tridentate Ligands 
The ligands of this series have many structural features in common with the 
bidentate types described above except they have a further ligand atom of the same 
type which potentially can interact with the metal. The structures in Figure 8 are 
drawn in such a way that this should be visible. In most cases the authors make the 
plausible assumption that the third ligand atom does indeed coordinate to the metal 
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Figure 8 Structural elements of some effective tridentate ligands 
and produces a better defined chiral environment. The ligand 62^33 is a chiral C3-
symmetric ligand. With the exception of very few example, the detailed structures of 
metal complexes of these ligands have not been determined, and these conclusions are 
based on circumstantial evidence. 
III-IV Potentially Tetradentate Ligands 
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/ Figure 9 Structural elements of some effective tetradentate ligands 
•• Among of the effective tetradentate chiral ligands, the salen type ligands 
(63134 and 6 4 l 3 5 ) are very effect ive in the asymmetr ic epoxidation of non-
functionalized olefins. These N, 0 -donor ligands are C2-symmetric Schiff bases. 
Jacobsen observed that the presence of sterically demanding tBu (Ri = R2) groups are 
necessary to achieve high asymmetric induction.l34 Another type of tetradentate 
nitrogen ligand for asymmetric epoxidation of olefins is the chiral porphyrin. In order 
to achieve asymmetric induction, attaching chiral substitents over the porphyrin 
macrocyclic ring are essential and the chiral groups should be in close proximity to 
the metal c e n t e r . l 3 7 Ligands 65^33 i s a highly C3-symmetric molecule and 66!36 is a 
C2-symmetric ligand which is a very promising type of ligand. 
IV Tentative Conclusions on the Effect of Structural Elements 
There are structural elements that are common to many of the best ligands and 
that often are beneficial for obtaining high enantioselectivities. However, even if one 
succeeds in designing an auxiliary with all these structural elements there would still 
be no guarantee for success. Each chemical transformation demands its own type of 
chiral agent that has the ability to activate the substrate on the one hand and to control 
the stereochemistry on the other. This requires a unique combination of donor atoms 
in a properly defined chiral environment. Nevertheless some qualitative conclusions 
can be drawn concerning the beneficial effects of certain structural features. They 
might be o f h e l p in designing a new chiral ligand or auxiliary more systematically. 
1. The asymmetric center should be as close as possible to the reacting center. 
In some cases, the prochiral functional group is in coordination with the center metal 
directly, e.g., 7 i - c o o r d i n a t i o n of olefins in the asymmetric hydrogenations and 0-
coordination of aldehydes in the asymmetric alkylation with organozinc reagents. 
However, mechanism which allow the transmittance of the chiral information via 2 or 
3 bonds should be aware of. 
2. It is plausible that bulky substi tuents will lead to a bet ter-def ined 
environment where the different orientations of the substrates have substantially 
different energies. On the other hand, too much bulk will decrease the accessibility to 
the metal center, thereby reducing its activity. Aromat ic substituents are of ten 
essential and can not be replaced by, for example, cycloaliphatic ones. 
3. Bidentate ligands with cyclic backbones have probably the best chance to 
give good results. The resulting bicyclic chelate complexes are spatially well defined 
because the number of accessible conformations is limited. In some cases the resulting 
complexes can be too rigid and as a result have a very narrow scope (high substrate 
specificity). 
4. The secondary interaction between chiral ligands and substrates is important 
in catalytic asymmetric synthesis. 139 The reacting substrate, to which asymmetry of a 
chiral catalyst should be induced, optimally will have a secondary coordination site to 
form a chelate complex at the enantiodifferentiating transition state. Such a secondary 
interaction (such as hydrogen bonding, electrostatic, 7C-7C stacking interaction) between 
^ the reacting substrate and the center metal suppresses the degree of f reedom in the 
transition state and makes it easy to control the stereochemistry of the product. 
5. In theory, a chiral ligand need not be asymmetric (total lack of symmetry 
elements) but needs to be dissymmetric to serve as a chiral ligand. In fact the presence 
of a rotation element in chiral ligands can cut down the number of diastereomeric 
transition states in asymmetric r e a c t i o n s . l 4 0 To date, most of the successes in 
asymmetric synthesis were obtained with C2 ligands. It is now generally agreed that a 
good ligand should have C2-symmetry. 
6. Simple structures containing only the essential functions and structural 
elements are easier to modify systematically. Additional functional groups sometimes 
interfere negatively, and more asymmetric centers are not necessarily better. 
With the great efforts by chemists, enormous progress has been made in this 
area during the past decade. Now, asymmetric synthesis has advanced to the point 
where it should be possible to synthesize any single enantiomer in the laboratory in 
the coming years. It will be interesting to observe the relative importance of the roles 
to be played by asymmetric catalysis versus biocatalysis. However, this chemistry is 
still young and primitive. Many new aspects of this area await further exploration, 
examples being asymmetric a u t o c a t a l y s i s , l 4 l asymmetric catalytic reactions in 
supercritical fluid s o l v e n t s , 1 4 2 electronic effects on enantioselectivities of asymmetric 
catalytic reactions,143 and stereoselective synthesis ofboth enantiomers using a single 
chiral source with an achiral a d d i t i v e . l 4 4 ^ is anticipated that asymmetric catalysis 




Chapter U Design, Synthesis and Resolution of Chiral Ligands 
I Design of chiral ligands 
One of the most successful chiral ligands or auxiliaries may be 1，1'-
binaphthol and its derivatives in asymmetric catalysis and their most distinctive 
features as pointed out by Noyori ^^ are: 
a. Total aromatic character which provides chemical stability, polarizability, 
paramount steric influence and enhanced Lewis acidity when coordinated to metal 
centers. 
b. Conformationally flexibility which allows the accommodation of a wide variety of 
metals by a rotation around the biaryl axis. 
c. Skeletal unambiguity of their metal complexes. 
Since p-amino a l c o h o l s l 9 a have been shown to be effective chiral ligands, we 
would like to adapt the principles governing the success of binaphthols in designing 
and synthesizing a new type of bidentate N, 0 -donor ligands bearing chiral faces 
rather than chiral centers. 
Binaphthols form seven-membered chelating rings with metal centers. P_ 
amino alcohols, however, are supposed to form five-membered chelating rings with 
metal centers. A survey of literature reveals that six-membered chelates are less 
common than the seven- or five-membered c h e l a t e s . l 4 5 One possible reason comes 
from the fact that most of C2-symmetric ligands could not form a six-membered 
chelating based on the geometry, whereas most effective bidentate chiral ligands are 
C2-symmetric molecules. The success of binaphthol and its derivatives in asymmetric 
catalysis and the P-amino alcohols in asymmetric alkylation of aldehydes have 
prompted us to synthsize a new type of biaryl chiral bidentate N, 0-ligands. 
Consideration of the structural analysis mentioned in Chapter I, we set up a 
model molecule and it is depicted in Figure 10. 
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Figure 10 
In these structures, the substituents R\ and R2 must be large enough so that 
the pyridyl ring and the phenyl ring do not lie in the same plane. This torsion between 
two aryl rings and the constrain of the rotation along the sp^ carbon-carbon bond 
enable the molecules to have chirality or "handness". 
I 
The above molecules bear the following features: 
a. They are pyridylphenols which are very stable biaryl bidentate N, 0 donor 
ligands. 
i)[ 
b. They are expected to form six-membered chelating rings with metal 
centers. 
c. The pyridylphenol backbones create tightly binding ligands possessing a 
rigid pseudo C2-symmetric environment. 
d. The ligands possess tunable hardness. The OH group can easily be 
transformed into SH, NR2, OPR2 and PR2 groups so that they can coordinate with a 
wide range of hard and soft transition metals. 
e. Steric modification: Variation of the Ri and R2 substituents offers the 
possibility for systematic refinement of the steric environment imposed by the 
窗 ligands. The size and structure of the substituents R\ and R2 would exert an 
& important influence on the structural properties of the ligands. The size of Ri and R2 
can alter the dihedral angles between the pyridyl ring and phenyl ring and affects the 
conjugative interactions between the two aromatic rings. This may allow the 
optimization of enantioselectivities in catalysis by matching the steric bulk of the 
ligands to the steric requirements of the particular substrates of interest. 
f. Electronic properties of the substituents on the aryl rings may profoundly 
influence the electronic properties of chiral ligands and therefore influence catalytic 
activities and stereoselectivities in catalytic processes. The electronic property can be 
controlled through suitable functionalization of the arenes. 
Based on the above consideration, preliminary molecular mechanics 
calculation (PC model Mac Version) showed that the dihedral angle between the 
phenyl ring and the pyridyl ring is about 73.2 o. The rotational barrier is about 30 
kcaVmoll46 when R i = R2 = Me, therefore the resolution of the enantiomers may be 
possible without racemization at room temperature. 
n Synthesis of chiral ligands 
n - I Synthesis of the chiral N, 0 - d o n o r l igands 
1 Synthesis of the chiral ligands 75a-75c 
The first target ligand we have synthesized is 2-(3-methyl-2-pyridyl)-3,5-di-
tert-butylphenol (75b) whose structure is depicted in Figure 11 
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Figure 11 
The retrosynthetic analysis of pyridylphenol 75b is outlined in Scheme l . T h e 
key step is the formation of the aryl-aryl carbon bond. The commonly used literature 
methods for the synthesis of unsymmertic biaryls tend to rely on organometallic 
c h e m i s t r y . l 4 7 Palladium-mediated cross-coupling reactions of organic electrophiles 
with organometallics (Li, Mg, Cu, Zn, Zr, A1, Sn, and B) are versatile methods for 
the formation of carbon-carbon bonds.l48 Notable among these are (1) Stille's 
teu 
� � H ^ J ^ + N^V-




c o u p l i n g , l 4 9 which is based on reactions between aryl halides and aryl stannanes in 
the presence of Pd (0) catalyst; (2) Suzuki c o u p l i n g l 5 0 which is based on reactions 
between aryl halides and arylboronic acids in the presence of catalytic amount of 
1 
Pd(0). Suzuki coupling offers the additional advantages of being unaffected by the 
presence of water, tolerating a broad range of functionality (for example, CHO, OH), 
and yielding non toxic byproducts . As a consequence , they have been used 
I < 
extens ive ly in the synthes is of natural products , nuc leos ide ana logs , and 
pharmaceuticals. 151 
In the prel iminary stage of synthesis of these N , 0 - d o n o r l igands, Stille 
coupling between the pyridyl stannane (77) and aryl halides (71 and 78) proved 
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unsuccessful. The debromination products (79 and 80) were obtained in these two 
reactions. The pyridyl stannane 77 was not be reactive enough due to its weaker 
nucleophilicity and the steric hindrance. Oxidative addition of aryl bromides and 
subsequent reduction gave the products. Consequently, the nucleophilic partner was 
switched from the pyridine to the phenol. Furthermore, to ensure greater reactivity, 
the Suzuki-cross coupling was employed. 
The chiral pyridylphenol 75b was synthesized from commercially available 
and inexpensive 3,5-di-tert-butylphenol 69. Phenol 69 was brominated with Br2 in 
CS2 to afford 2-bromo-3,5-di-tert-butylphenol (70) in 94% y i e l d . l 5 2 Phenol 70 was 
further methylated with dimethyl sulphate in alkaline condition to produce 2-bromo-
3,5-di-tert-butylanisole (71) in 88% yield. 153 Aryl boronic acid 72 was then prepared 
by lithiation^oronation/alkaline hydrolysis of 71. In the preparation of this aromatic 
boronic acid 72, it was found that the general method of acid hydrolysisl54 proved 
unsuccessful to yield the desired product 72, Alkaline hydrolysis (Na2CO3/aq C6H6, 
reflux) was found to be effective to give the desired boronic acid 72. The dimethyl 
boron intermediate of 72 might be either too electron rich or too bulky to be 
hydrolyzed in acidic medium. Bromide 71 was subjected to metal-halogen exchange 
with nBuLi，and was then quenched with (MeO)3B, and finally hydrolyzed in aqueous 
Na2CO3 to afford 72 in 74% yield. Boronic acid 72 underwent a Suzuki cross 
coupling with 2-bromo-3-methylpyridine 73b,l55 synthesized f rom 2-amino-3-
methylpyridine, in the presence of 2.0 equivalent of KO^Bu, 5 mol % of Pd(Ph3P)4 in 
DME to produce the 74b in 83% yield. Finally, compound 74b was demethylated by 
pyridine hydrochloride under N2 to afford a racemate of ligand 75b in 83% yield 
(Scheme 2). 
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Scheme 2 
During our initial synthetic effort for compound 74b, we did not observe any 
coupling products using the typical Suzuki reaction conditions either with Na2CO3 or 
N a O E t . l 5 6 Arylboronic acids with sterically h i n d e r e d l 5 7 or electron-withdrawing 
s u b s t i t u t e n t s l 5 8 have been known to be less successful due to the steric hindrance or 
competi t ive hydrolyt ic deboronat ion. The modif ied Suzuki coupl ing reaction 
conditions by G r o n o w i t z l 5 8 suppresses deboronation by using glycol dimethyl ether 
(DME) as the solvent. In order to verify the steric effect on this reaction, less bulky 
halopyridines ( 7 3 a and 73c ) also were chosen to react with compound 72 . W e 
observed a strong base effect upon the cross coupling in DME. The reactions of the 
extremely sterically bulky arylboronic acid 72 with halopyridines 73a，73b, and 73c 
using the standard base (Na2CO3) produced either no desired products or very low 
yields with extended reaction time. Upon increasing the strength of base from NaOH, 
NaOEt to KQtBu (2 eq), the yields of products increased with shorter reaction time 
(Table 8). 
Table 8. Base effect on the cross-coupling of arylboronic 
acids with halopyridine(haloisoquinoline) 
tRu 
OMe 
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Base 74a 74b 74c 
Na2CO3 26 / 90 0 / 90 0190 
NaOH 40/140 2 2 / 2 4 4 4 / 2 6 
NaOEt 7 4 / 4 0 / 1 2 4 5 / 1 6 
Me3COK 8 6 / 4 8 3 / 1 6 7 7 / 1 0 
It is notable that nucleophilic substitution of halopyridines was not a major 
interfering reaction in most cases. Over 70 % of 72 was recovered from the synthesis 
of 74b using Na2CO3 while a complex reaction mixture formed with the use of 
NaOEt. The tolerance of the reactants towards the strongest base (KOWu) ever used 
in Suzuki cross-couplings is r e m a r k a b l e . l 5 9 Further applications in synthesis appears 
to be promising. 
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Scheme 3 
This base effect can be rationalized using the proposed m e c h a n i s m l 5 1 M 6 0 for 
Suzuki cross coupling as shown in Scheme 3 . Two equivalents o f b a s e are required in 
this catalytic cycle. One equivalent is utilized in the formation of boronate, which is 
consistent with the fact that the boronic acids act as acids in the Lewis sense, with the 
formation of a tetravalent boron atom. The anionic nature of the organic group in 
o rganoboron ic acids is expec ted to be enhanced by the fo rma t ion of an 
organoboronate. The second equivalent of base is consumed in the metathetical 
displacement to form organopalladium hydroxide. As mentioned above that unlike 
other organoboronic acids, aromatic boronic acid 72 was obtained after alkaline 
hydrolysis. In weakly basic condition, boronate is difficult to form or presents in low 
concentration. Increasing the strength of base, the formation of organoboronate is 
enhanced and therefore nucleophilic substitution occurs at Pd and then the coupling 
reaction is accelerated. 
With the use of K O ^ u , the aromatic boronic acid 7 2 reacted with 
halopyridines 73a-73c in the presence of Pd(0) to afford corresponding coupling 
products in high yields. However, when the boronic acid 72 and 2-bromo-3-
trifluoromethylpyridine 90 were subjected to the same coupling reaction condition, 
none of the desired pyridylphenol 79 could be detected. All attempts to prepare 2-(3-
trifluoromethyl-2-pyridyl)-3,5-di-tert-butylanisole (79) remained unsuccessful. The 
reactants (both aromatic boronic acid 72 and 2-chloro-3-trifluoromethylpyridine 90) 
are possibly sterically too bulky (The C-F bond length is 1.336 A for CF3 and the C-H 
bond length is 1.059 A for CH3)l6l to undergo the Suzuki-cross coupling reaction. 
^ u 
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The structures of 74b，74c and (±)-75c were characterized by X-Ray 
crystallography and their structures were shown in Figure 13. The crystallographic 
data were listed in Table 9. 
Table 9 Crystallographic Data for Compounds 74b, 74c and 75c 
Compounds 74b 7 ^ (±)'75c 
Space group j ^ j C2 ^ 
a(A) 10.579ffl 35.527(1) 20.244(4) 
b (A) 14.909(3) 8.862(1) 10.924ffl 
c(A) 13.094(3) 26.404(1) 9.392(2) 
P(o) 113.37(3) 90.960(1) 98.27(3) 
V(A3) 1895.8(7) 8312(4) 2055.6(13) 
Z 4 ^6 4 
p(caIc.)(gcm-3) j ^ l _ ^ 1.077 
radiation MoKa MoKa MoKoc 
29 range ( � ) 4 . 0 - 5 0 . 0 � 4.0-50.0 4.0-50.0 
no. ofunique data 3026 7488 5013 
no. ofobs . data l J}6 3 S ^ 1875 
, no. of variables ] W 4 ^ 227 
R 0 ^ 0.072 0.069 
R ^ 2:222 0 ^ 0.081 
Dihedral angle 
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Figure 12 (a) X-ray structure of 74b 
(b) X-ray structure of 74c 
(c) Stacking of 74c molecules of in the crystal 
(d) X-ray structure of (±)-75c 
(e) Stacking of (±)-75c molecules of in the crystal 
h 
]ta F igure 12 (e), each molecule o f 7 5 c formed self-assembly supramolecules 
through intermolecular hydrogen bondings. Between the stocks of self-assembly 
supramolecules, they are stacked in a manner of naphthyl to naphthyl groups and 
aliphatic to aliphatic groups. 
2 The synthesis of chiral ligands 93a and 93b 
W e have set up to investigate the effects of R i and R2 substituents on the 
steric envi ronment and enantioselectivity for catalytic reaction imposed by the 
ligands. In our initial design we had changed the Ri group f rom ^Bu in ligands 75a-
7 5 c in to M e g r o u p . T h e r e f o r e , the p r e p a r a t i o n of 1，3 - d i m e t h y l - 6 -
m e t h o x y p h e n y l b o r o n i c ac id 8 2 w a s r e q u i r e d . U n f o r t u n a t e l y , d i r ec t 
l i thiat ion^oronat ion/acid hydrolysis of 3,5-dimethylanisole 8 1 did not afford the 
desired aromatic boronic acid 82 but only a complex reaction mixture. 
OMe OMe 
X 1 - " B u L i / T H F _ n ^B(OH)2 � 
\\ 2 . B ( O M e ) 3 A r H F " 丄 J ^ 
< ^ > ^ : ^ J ^ 3.10% HCI ^ ^ ^ ^ = ^ ^ 
81 82 
The possible problem of unsuccessful direct lithiation was firstly avoided 
t h rough the a t t empted p repara t ion of 2 -bromo -3 ,5 -d ime thy lpheno l (84). 
，4 
Unfor tunate ly , 8 3 could not be regioselectively brominated using either Br2 or 
TBABr3 to give 84. A mixture of 2- and 4-bromo-3,5-dimethylphenol (84 and 85) 
was observed with 85 as the major isomer (eq 7). They were difficult to purify either 
by recrystallization or chromatographic methods. To resolve this problem, another 
approach to 2 -bromo -3 ,5-dimethylphenol 8 4 was the su l fona t ion of 3 ,5-
dimethylphenol by using excess of sulfuric acid and then bromination with Br2 in 
alkaline condition and finally desulfonation in acid c o n d i t i o n l 5 3 (eq 8 ) . This route, 
however, failed to afford 2-bromo-3,5-dinlethylphenol 84 but resulted in a complex 
mixture by TLC analysis. 
Thus, we had to block the 4-position of 3,5-dimethylphenol and the 3,4,5-
tr imethylphenol 87 was an ideal 3,4,5-trisubstituted phenol. The retrosynthetic 
analysis and the preparations of ligands 93a and 93b were similar to the synthesis of 
ligands 75a-75c. The synthetic routes of 93a and 93b are outlined in Scheme 4. 
〜 OH 
9H T s r A 
r S g ra /CS j ( V + 0 (7) 
^ A . ^ ^ or TBABr3/CHCI3 - ^ ^ ^ ^ ^ ^ ^ •「 
minor major 
83 84 85 
? H l .H2SO4m0oc 9 ^ 
^ A ^ 2. Br2/Na0H // • r " " S ^ (8) 
J i ^ ^ 3- H2SO4/2OOOC 丨 J ^ ^ ^ 
83 84 
^ 
v ^ ^ ^ ^ l ^ 1. HNO3/(CH3CO)2O V ^ ^ TBABr3 , V " ^ Y ^ Me2S04, 
\ j 2. CO(NH2)2 ^ V CHCI3 k^Br _ 
V 3.NaOH cDH OH 郷 
^ 12% 9 ^ 
86 87 88 
0 
丄 ^ ] ^ 
Y r 1."BuLi^HF , Y r X ^ 
S A o , 2. B(OMe)amHF S ^ B ( O H b Pd(PPh3)4. DME 
T br 3 10% HCI J [ " � ,2 NaOH, Ng 
OMe 770/0 OMe 
^ 73b: R = Me, X = Br 
89 90 
91: R = CF3, X = CI 
" ^ V ^ ^ " V ^ 
[\ I I 
^^^^^Y^OMe C5H5NHCI ^^^^^^"Y^H 
, R v ^ " " ^ ^ ~ ^ R ^ ^ 
92a : R = Me 84% 93a : R = Me 90% 
92b : R = CF3 73% 93b : R = CF3 85% 
Scheme 4 
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l’2，3-trimethylbenzene (86) was treated with H N O 3 in acetic anhydride and 
then urea be fo re f ina l hydrolysis in a lkal ine condi t ion to a f fo rd 3, 4, 5 -
trimethylphenol (87).162 Bromination of 87 with TBABr3l63 in CHCl3 at room 
temperature produced 2-bromo-3,4,5,- t r imethylphenol ( 8 8 ) in 97% yield. The 
bromide 8 8 was fur ther methylated with dimethyl sulphate in basic condition to 
produce 2-bromo-3,4,5-trimethylanisole (89) in 96% yield. Aryl boronic acid 90 was 
prepared by l i thiat ion/boronation/acid hydrolysis in 11% yield. Compound 90 
underwent a Suzuki cross coupling with 2-bromo-3-methylpyridine ( 7 3 b ) and 2 -
chloro-3-trifluomethylpyridine (91) by using 2.0 equivalent o f N a O H in presence of 5 
mol% of Pd(Ph3P)4 in D M E to produce 92a and 92b in 84% and 73% yields 
respectively. Finally, 92a and 92b were demethylated by pyridinium chloride under 
N2 to afford ligands 93a and 93b as racemates in 90% and 85% yields respectively. 
'：<«'/ i^mi °»^ 
'^\^^ r-^ J 
„ J > 1 ^ . . . gy y 气 
° ^ ^ 、 ^¾¾"" 
(a) (b) 
X ? ^ . ‘ f ^ 4 l ' 
" f ^ 輩 '> . 
(d) 
Figure 13 (a) X-ray structure of 92a 
(b) X-ray structure of 92b 
(c) X-ray structure of (±)-93a 
(d) Stacking of (±)-93a molecules of in the crystal 
In the preparation of 92a and 92b，it was found that when the standard base 
OS[a2CO3) used, 92a and 92b were formed only in very low yields with extended 
reaction time. It was obviously that stronger base (NaOH) exerted a remarkably 
acceleration on these coupling reactions. 
The X-ray structures of 92a，92b and ( t)-93a were shown in Figure 13 and 
their crystallographic data were listed in Table 10. 
Table 10 Crystallographic Data for Compounds 92a,92b and (±)-93a 
Compounds 9 ^ ？^ (±)-93a 
Space group ^ ^ ] ^ J 
a(A) 14.238(3) 8.259(1) 20.997(4) 
b (A) 11.26K2) 9.083(1) 8.669(2) 
c(A) 17.030(3) 10.366(1) 14.941(2) 
, 0C(o) 86.07(1) 
^ 83.70(1) 107.85(3) 
y(Q) 72.19(1) 
V(A3) 2730.4(9) 735.3(4) 2588.7(13) 
Z 8 2 8 
p(calc . ) (gcm-3) y 7 4 0 ^ 1.166 
radiation MoKa MoKa MoKa 
29 range (0) 4.0-50.0 4.0-50.0 4.0-50.0 
no. ofunique data 2 ^ 2 ^ 4555 
no. ofobs . data ^ 2036 � 1723 
no.ofvariables m m 308 
R 0.070 0.063 0.084 
^ 0 ^ 0 ^ 0.112 
Dihedral angle 
between arenes (Q) 87.6 86.9 S0.7 
In Figure 13 (d), the intermolecular hydrogen bond were formed between the 
phenol group and the pyridyl nitrogen. They formed a self-assembly supramolecule 
in a zig-zag manner. The two stacked supermolecules were parallel but opposite. 
3 Synthesis of chiral ligands 97a-97c 
The preparation of 97a-97c was similar to the synthesis of ligands 93a and 
93b. In the key step of Suzuki-cross coupling, the modified Suzuki coupling reaction 
conditions (Pd(O)/Na2CO3/DME) by G r o n o w i t z l 5 8 yielded corresponding coupling 
products 97a-97c in high yield (74-97%). The synthetic routes are outlined in Scheme 
5. 
^^^"^5^5^/^ r ^ ^ ^ ^ V ^ 1 M g m 4 F 
n T 1 Me2SO4 [ [ 丄 丄 2. B(OMe)3 ‘ 
^ - s i ^ ^ ^ ^ v ^ O H ~ N a O H ~ “ ^ ^ ^ = ^ ^ f ^ O M e 3.10% HCI 




C 0 ^ R 2 ^ ^ ^ ^ ^ ' ^ y ^ O M e PyHCl ^ 
^ ^ H > r P d _ 4 , D M E R i y ^ or BBr3" 
叫口^2 Na2CO3，N2 J ^ 
R2 
95 73b ： Ri = Me’ R2 = H, X = Br 96a : Ri = Me,R2 = H 83% 
91 ： Ri = CF3, R2 = H, X = CI 96b : Ri = CF3, R2 = H 97% 
73c : R1-R2 = (CH)4. X = CI 96c : R1-R2 = (CH)4 74% 
r"^Y^ 
k ^ ^ ^ ^ k ^ O H 
R l > ^ N 
, R a ^ 
97a : R = Me 94% 
97b : R -CF3 82% 
97c: R1-R2 = (CH)4 85% 
Scheme 5 
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Table 11 The dihedral angle between the phenyl and pyridyl rings 
Structure Ligands Found® Calcd^ 
^ 
^ S ^ O H 9 3 a 8 0 . 7 ° 73 .2® 




t B t T " Y ^ H 7 5 c 8 3 . 3 ° 77 .0® 
f^^^^""Y^N 
k , A ^ 
tBu 
^ f S 
t B t T y ^ O H 7 5 b 8 7 . 0 ° 8 2 . 1 0 
力 
a: From X-ray crystallography 
b: From molecular mechanics (PC Model) 
Table 11 shows the dihedral angles between the aryl rings of some of these 
pyridylphenols. The dihedral angles found both from calculation (PC Model) and X-
ray single crystal analysis were in the increasing order of 93a，75c and 75b. These 
angles might be important since when the dihedral angles is larger, the asymmetric 
induction may be l a rge r . no Therefore, 75b was chosen first for resolution and 
detailed asymmetric catalytic studies. 
II-n Synthesis of chiral N, P-donor ligands 98 and N, S-donor ligands 101 
75b was lithiated with "BuLi and then reacted with diphenylphosphine 
chloride in THF to afford N, P-donor ligand 98 in 59% yieldl64 (eq 9). 3 lp NMR 
clearly showed a single resonance signal at 28.0 ppm. 
^ u 'Bu 
X A 
t B t r V ^ O H 1 . 日 山 腳 • t B u - ^ O P P h 2 (9) 
2. Ph2PCI 、 八 
XN ^ Y ^ N 
U 63% k J 
75b « 
Pyridylphenol 75b was treated with NaH in D M F and then reacted with one 
equivalent of N, N'-dimethyl thiocarbamoyl chloride to afford pyridylphenol ester of 
dimethyl thiocarbamoyl 99 in 61% yieldl65 (Scheme 6). Compound 99 then was 
transformed into N, N'-dimethylcarbomoyl pyridylthiophenol 100 in 73% yield by 
heating it at 265 o c in an oil bath under nitrogen for 3 hours. Finally, N, N ' -
dimethylcarbomoyl ester 100 was hydrolysed to afford pyridylthiophenol 101 in T H F 
b y K O H i n 6 5 % y i e l d . l 6 5 a 
%u Y 
r ^ r ^ S 
t B u - ^ ^ N ^ O H 1 .NaH,DMF ^ t B ^ - ^ ^ Y ^ O ^ N M e s ^。。一 
M e ^ N 2. Me2NC(S)a M e ^ N 
^ ^ 61% ^ ^ 73% 
75b » 
*Bu ^ u 
r S 0 (^ 
t B u ^ Y ^ S ^ N M e 2 KOH, t B u ^ ^ S H 
- ^ N . . M � 
100 101 
'. 
S c h e m e 6 
The successful conversion of the O H group into OPPh2 and SH groups has 
demonstrated the versatility of the ligands 75b. Hopeful ly, the ligands 98 and 101 
would be investigated for the catalytic activity. 
III Resolution of racemates of chiral ligands 
III-I The resolution of pyridylphenol (±)-75b 
Pyridylphenol (±)-75b were resolved with us ing (+) -camphorsu l fon ic 
chloride,l66 prepared from the reaction of (+)-camphorsulfonic acid and phosphorus 
pentachlor ide , via the format ion of diastereomeric sul fonate of ( ± ) - 7 5 b . The 
dias tereomers were of d i f ferent chromatographic behaviors and were therefore 
separated by column chromatography on silica gel. Subsequent alkaline hydrolysis at 
60 oC finally yielded the enantiomeric pure ligands (+)-75b and (-)-75b in 46% and 
49% yields (Scheme 7). 
B^u 
A 
H O ^ ' Y ^ ' B u tBu 
V V { _ S O 々 t B u . ^ . S O 3 H _ ^ ^ . S O . C L + ) - 7 5 b � , > ] 
^ K ^ ^^^J^ pyridine/cci4 i J 
62% 98% 
(SH+)- CSA (SH+)- CSC (S).(^104 and (S)-(S)-104 
102 103 
'Bu Y 
= e O H • r^^^^OH + t e J ^ ' ' O H 
我 刚 ^ ",..& 
(f^75b (S)-75b 
27 
[ a ] D ^ = + 2 4 . 6 — [ a ] D = - 2 4 . 8 





The absolute configuration of (5)-(5)-104 was determined by a single crystal 
X-ray analysis. The torsion angle o f C 1 < ! 2 ^ 7 ^ 8 in (5)-(5)-104 was found to be 
-74.80 (Figure 15), and the torsion angle o f C 1 ^ 2 ^ 7 - N was 1 0 1 . 1 � . The distance of 
C 3 C 8 was 3.578 A, whereas the distance of C3-N was 3.276 A. The biplanar angle 
was 77.20. Based on the IUPAC tentative rule fo r the nomenclature of organic 
c h e m i s t r y , l 6 7 this compound was assigned as to be in the {S) configuration . 
H P L C analysis (Daicel OD chiral column) showed the optical purity of {R)-
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Figure 14 HPLC traces of (^-(+)-75b, (S)-(-)-75b and racemic (±)-75b 
(Daicel OD chiral column, flow rate: 0.3 mL/min, hexane/2-propanol 4:1) 
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Figure 15 X-ray staicture of (S)-{S)-104 
T a b l e 12 Crystallographic Data for ( i^H+)-75b, (5)-(-)-75b and (5)-(5)-104 
Compounds (S)<Syi04 (R)-(+)-75b ffl-(-)-75b 
Space group P 2 i 2 i 2 i F2\2\2] P 2 i 2 i 2 i 
a ( A ) 11.284(2) 12.627(3) 12.544(3) 
b ( A ) 12.846(2) 16.383(3) 16.245(3) 
c ^ 19.739(2) 19.930(4) 19.998(4) 
i%' 
V(A3) 2861.2(10) 4123(2) 4075(2) 
Z 4 8 8 
p ( c a l c . ) ( g c m - 3 ) 1.188 1.343 1.067 
radiation M o K a M o K a M o K a 
20 range ( � ) 3.0-50.0 4.0-50.0 4.0-50.0 
no. o f u n i q u e d a t a 2850 4 0 ^ 3997 
no. ofvar iables | 7 8 6 \ J ^ 1886 
R 0.0491 0.0978 0.1052 
1 ^ 0.0506 0.1399 0.1360 
Dihedral angle ~ 
between arenes (。） 77.2(6) 87.0 85.6 
It is interesting to note that the (R}^75b and (5)-75b showed intermolecular 
hydrogen bond formed between the phenol group and the pyridyl nitrogen (Figure 
16c-f). They formed a chiral self-assembly supramolecular in a zig-zag manner. The 
length of the 0 ~ H . " N (sp^) hydrogen-bonds was found to be 2.758 A in (R)~75h 
a n d 2 . 7 3 9 A i n ( 5 > 7 5 b . l 6 8 
_• �W_ 
- v # r t ^ ' ^ f ^ p ^ 
6 , 1 s A ' " > . /«« =- ci» 
UI4I ^^"'•灿 / 
A J ^ 
Clt;i 
(a) (b) ^tt ^¾ 尋 , 
(c) ,^ 
*、 （d) 
_ 縫 ^p mm 
w ^ . ^ ^ 
(e) (f) 
'、 . 
Figure 16 (a). X-ray structure of (fl)-(+)-75b 
(b). X-ray structure of {S)-(-)-75b 
(c). Stacking of (H)-(+)-75b molecules of In the crystal 
(d). Stacking of (S)-(-)-75b molecules of in the crystal 
(e). Hydrogen-bond network of (H)-(+)-75b in the crystal 
( f j . Hydrogen-bond network of (g-(-)-75b in the crystal 
III-II The resolution of pyridylphenol 93a 
The racemate of ligand (±)-93a had been resolved by (5)-(+)^amphorsulfonic 
chloride via the diastereomeric sulfonates (5H^>"105 and (5)^5)-105 in 84% yield. 
Chromatographic separation of the diastereoisomers on silica gel and subsequent 
alkaline hydrolysis at 40 ^C final yielded the enantiomeric pure ligands (/^)-(+)-93a 
and (5)-(-)-93a in 48% and 49% yields (Scheme 8). 
H 0 ^ 
V ' J X c H . O ^ V ^ 
j ^CT2SO2CI (t)-93a 貧 / X ^ ^ J ^ 
i ^ O ^ 0 Pyridine/CCI4*^ ^ ^ ^ ^ J 
84% 
(SH+)- CSC ( S H ^ 1 0 5 and (5).(5)-105 
103 
= e O H ， � � ^ � H + ^ ' ' O H 
40 °C. 24 h . 1 ••• X 
^ " 0 
(f?)-93a (S>93a 
W o ^ = +143.8 MD^=-105.0 
(c=0.50. CHCI3) (c=0.50. CHCI3) 
48%, 99%ee 49%, 72%ee 
Scheme 8 
Absolute configuration was determined by X-ray analysis of camphor 
sulfonate (5^(5>105 which hydrolysis under alkaline condition at 40 ^C to afford 
(5)-93a. In Figure 17, the distance of C5C8 is 3.589 A in (5)K^-105, whereas the 
distance of C5-N is 3.143 A. The dihedral angle between the pyridyl ring and phenol 
ring is 7 0 � • This compound was also assigned to in the as (5) configuration. Both the 
(5)-(5>104 and (5)-(5)-105 has the same sign of optical rotation. The hydrolytic 
product, (5)-93a has the same sign of optical rotation as the 5-enantiomer of 75b. 
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Figure 18 HPLC traces of (/?)-(+)-93a, (5)-(-)-93a and racemic (±)-93a 
(Daicel OD chiral column, flow rate : 0.5 mL/min, hexane/2-propanol 7:3) 
Table 13 Crystallographic Data for (/?)-(+)-93a, (5)-(-)-93a and (5)-(5)-105 
Compounds (5)-(>S)-105 (/?>93a ffl-93a 
Space group ^ j P2i2 i2 i P2 i2 i2 i 
a(A) 16.634(1) 7.797印 7.799印 
b(A) 8.688(1) 8.040(2) 8.022(2) 
c(A) 17.119(1) 20.007(4) 19.999(4) 
^ 107.74(1) 
V(A3) 2356(1) 1254.2(6) 1251.2(6) 
Z 4 4 4 
p(calc.)(gcm-3) 1.245 l J M 1.207 
radiation MoKa MoKa MoKa 
29 range ( � ) 3.0-55.0 3.0-55.0 4.0-50.0 
• no. ofunique data 5239 2397 1302 
no. o fobs . data ^ 1222 944 
no. of variables 5 ^ 1 ^ 1 ^ 
R 0.0656 0.0565 0.0592 
^ 0.0978 0.0715 0.0794 
dihedral angle 
between arenes (Q) 70.0 S0.1 SOA 
：解、 
The X-ray structures (Figure 19) of (/?)-93a and (5)-93a were similar to that 
of the (R)- and (5)-75b and exhibited a zig-zag chain structures via the intermolecular 
hydrogen bonding between the hydroxyl oxygen and the pyridyl nitrogen. The O — 
H-"N {sp^) hydrogen bond lengths was found to be 2.781A in (/?)-93a and 2.778 A in 
(5>93a. 
It was found that (i^>93a was totally racemized in CH2Cl2 at room 
temperature for several days when growing the single crystals of (/?>-93a. The reason 
remains unclear, the traces amount of acid in CH2Cl2 may be responsible for this 
result. 
《 • / A - ' r / " 
\ciSI / \ U.I 
严 gH—'.^«'^' unV. ^ 
: - e s ^ K > 4 , , : , " , , i 0 O ^ . 
“'"• N", V _ / ^rT^rxh > — \ 
/'» 它〕 u," A ' " ' \ , 
c / c<s V 
^,, CIMI ''lJ' 
(a) (b) 
. : l 女 声 ^ % V 
. K ^ I C ^ 
: m ^ : n i d 3 n ^ 




. 崎 • • 
(e) (f) 
n 
Figure 19 (a). X-ray structure of (f?)-(+)-93a 
(b). X-ray structure of (S)-(-)-93a 
(c). Hydrogen-bond network of {f7)-(+)-93a in the crystal 
(d). Hydrogen-bond network of (g-(-)-93a in the crystal 
(e). Stacking of (f?)-(+)-93a molecules of in the crystal 
( f j . Stacking of (S)-(-)-93a molecules of in the crystal 
IIMII Racemization study of 75b and 93a 
Having resolved both pyridylphenols 75b and 93a，we need to determine their 
configurational stability. It is necessary for chiral ligands to be optically stable in 
various asymmetric reaction conditions. Therefore, the thermal racemization of both 
pyridylphenols 75b and 93a were carried out. 
1 The racemization test of 75b 
The thermal isomerization of the atropisomers of (/?)-(+)-75b and (5)-(-)-75b 
were examined. The (/?)-(+)-75b was dissolved in dodecane and the solution was 
heated at 100 ^C for 8 hours. The HPLC analysis showed no sign of racemization. 
After this solution was heated at 120 and 140 oC for 4 hours at each temperature, no 
sign of racemization was observed. However, after heating at 160 ^C for 4 h, 35% of 
(+)-75b had racemized. (5)-(-)-75b gave the same results. 
2 The racemization test of 93a 
The racemization study of (/?)-(+)-93a was found followed by HPLC analysis 
that there were 30% of (^)-(+)-93a had racemized at 70 ^C in 4 h. 
The racemization studies showed that both (/?)-(+)-75b and (5)-(-)-75b were 
configurationally more stable than (/^)-(+)-93a. A larger interaction between the tert-
^--
butyl and methyl groups than that of between methyl and methyl groups may be the 
key. Furthermore, the larger dihedral anglein 75b (87.0 o) than that in 93a (80.7。） 
supported the rationalization. 
务. 
Chapter III Asymmetric Addition of Diethylzinc to Aromatic 
Aldehydes Catalyzed by Chiral Pyridylphenols 
I Background 
Enantioselective addition of organometallic reagents to aldehydes affords 
optically active secondary alcohols. The reaction is one of the most important and 
fundamenta l asymmetr ic reactions. The optically active secondary alcohols are 
components of many naturally occurring and biologically active compounds. They are 
also important as synthetic intermediates of various functionalities such as halides, 
amines, ester, ether, etc. 
T w o ma jo r methods for the enantioselective synthesis of optically active 
secondary alcohols are the enantioselective alkylation of aldehydes (i.e., addition of 
organometallic reagents to aldehydes) and the enantioselective reduction of ketones. 
奢 The former reaction can achieve at the same time the formation of optically active 
s>, 
alcohols and the construction of the carbon skeleton of alcohols (carbon-carbon bond 
fo rmat ion) . Despi te the advantage of the react ion, enant ioselect ivi ty of the 
organometal l ic reagents to aldehydes has been only low to moderate . In 1978， 
M u k a i y a m a repor tedl69 the highly enantioselective addition of alkylli thium and 
dialkylmagnesium to aldehydes in the presence of the lithium salt of the diamino 
alcohol derived f rom (5)-proline (eq. 10). 
P h ^ " B u EtgMg ‘ P h v ^ E t 
i ^ ~ — ~ " PhCHO • i . . ^iuj 
5H 107 io6c 1放 OH 
• 0 8 � , 3 3 c 
、 （ sH08 I~\ r ^ 
77%，95%ee S ^ Y 74%,92%ee 
^^ y 
H 0 ^ 
107 
Several other highly enantioselective chiral ligands have been reported for the 
addition of alkylli thiums, Grignard reagents, and alkyltitaniums to aldehydes^^O. 
,：'.. 
These methods require at least a stoichiometric amount of chiral ligands for the high 
enantioselection because these organometallic reagents, even without the influence of 
chiral ligands, react with aldehydes to afford racemic alcohols. Therefore, catalytic 
enantioselective addition of organometallic reagents to aldehydes is a challenging 
problem. 
Donor atoms such as nitrogen and oxygen of the chiral ligands coordinate the 
metal a tom of the organometal l ic reagents to fo rm chiral complexes which 
different ia te the enant iofaces of aldehydes. The nucleophilicity and basicity of 
organometall ic reagents coordinated by chiral ligands are sometimes stronger than 
those of the original organometallic reagents. Organozinc reagents have been known 
I for many years, but the significance of organozinc chemistry remains somewhat 
underestimated, at least in terms of synthetic utility. The Reformatsky r e a c t i o n l 7 l and 
Simmons-Smith r e a c t i o n l 7 2 utilize Zn metal, but，for simple alkylation of carbonyl 
1 compounds, Grignard reagents and organolithium compounds are generally preferred, 
I owing perhaps to their higher generality, higher reactivity, easier manipulation and 
i commercial availability. The addition reaction of dialkylzinc to aldehydes is much 
: 
slower than the corresponding reactions of alkyllithium and Grignard reagent. Thus, 
>、 
in modern organic synthesis, dialkylzinc is not often utilized for the addition to 
| r aldehydes. The other reasons are that the addition of dialkylzincs to aldehydes is 
extremely sluggish and a side reaction such as reduction usually occurs, l9a 
^ 107 P h v ^ E t 
〜 PhCHO + EtgZn ~ ^ , ^ … > T (11) 
】 -78—0°C, 3h OH 
5 106C 76% 133c 
r? 
1， . 
; l . 
i The clean nucleophilic addition of diethylzinc to benzaldehyde was reported 
f.:i|. 
i by Mukaiyama in the presence of the P-amino alcohol derived f rom (5)-proline. 169c 
T'^ ^ 
I The p-amino alcohol accelerates the carbon-carbon-bond-forming reaction to afford 
.-’ ' ^ . . . 




1-phenylpropanol in 76% yield (eq. l l ) . Although no asymmetric induction was 
observed in this reaction, the formation of a carbon-carbon bond f rom diethylzinc and 
benzaldehyde using the P-amino alcohol (107) suggests the possibility of asymmetric 
induction using appropriate chiral P-amino alcohols. Indeed, Oguni and Omi used (5)-
leucinol (a pr imary p-amino alcohol) as the chiral catalyst and firstly obtained 
optically active secondary alcohol with moderate optical purity (eq 12).173 
2 mol % {S)-leucinol P h y E t 
PhCHO + EtaZn ~ ~ ^ ^ ^ 5 ； ^ ^ OH 
106c 133c 
96%, 49 % ee 
The reason for the addition of dialkylzinc to aldehyde catalyzed by p-amino 
alcohols may be explained as follows. Dialkylzincs which have a 學-hybridized linear 
geometry at Zn are inert to aldehydes, because the alkyl-zinc l inkage is rather 
, n o n p o l a r . l 7 4 However, the addition of certain donor ligands or auxiliaries can 
generate coordinatively unsaturated, bent structures possessing higher reactivity 
(Figure 20) . The bond polarity can be enhanced by creating a bent geometry where 
the Zn atom uses orbitals having a h igherpcharac ter . Particularly, replacement o f t h e 
alkyl group by an electronegative substituents increases polarity of the alkyl-Zn bond 
to a great extent and, consequently, a coordinatively unsaturated bent zinc compound 
has a strong donor character at the alkyl group and the acceptor character at the Zn 
atom. Such auxiliary-induced structural perturbation increasing the reactivity toward 
carbonyl substrates is attained by p-amino alcohols. 
6 -
R \ 6 + X " X 




X = alkyl, N, 0 , halogen, etc 
Figure 20 
Recent ly some methods for the enhancement of the nucleophil ici ty of 
dialkylzincs and related organozinc reagents have appeared. Many important optically 
active compounds have been synthesized using various kinds of chiral compounds as 
chiral catalysts for the enantioselective addition of organozinc reagents to aldehydes. 
The first highly enantioselective catalytic addition of diethylzinc to aromatic 
aldehydes was reported by Noyori in 1986.175 (-)-3-^xo-(Dimethylamino)isobomeol 
(DAIB) catalyzed the addition of diethylzinc to benzaldehyde to a f ford (5>1-
phenylpropanol with 99% ee in 98% yield (eq 13). 
^ ^ N M e 2 
2 mol % \ 
^V^OH D h 口， 
I P h \ / E t r ， ； 109 一 i 
PhCHO + Et2Zn ^ OH (13) 
0 °C, toluene/ether 
106c (S)-133c 
98%, 99% ee 
“ r 
This reaction exhibits a unique, enormous nonlinear e f fec t in terms of 
enantiomeric purity of the chiral source and p r o d u c t s . l 7 6 When, for instance，(-)-
DAIB of only 15% ee [(-)/(+) = 57.5:42.5] is used catalytically (8 mol%) in the 
reaction of diethylzinc and benzaldehyde, the 5-ethylation product with 95% ee is 
obtained. This high enantioselect ivi ty is c lose to the 98% ee obtained with 
enantiomerically pure (-)-DAIB. The enormous departure f rom the anticipated linear 
relation is observed in the ethylation and methylation of benzaldehyde. Evidently 
chiral and achiral catalytic system are competing in the same reaction and，under 
certain conditions, turnover efficiency of the former is 600 times greater than that of 
‘ r 
the latter. 
This unusual phenomenon results f rom strict matching of chirality through 
mutual enantiomer recognition (Scheme 9), The actual catalyst that induces reaction 
of diethylzinc and aldehyde is a monomeric zinc complex, 2 5 or 2R catalyst, although 
it normally exists as the more stable dimer. Homochiral dimerization leads to 2 5 , 2 S , 
or 2R，TR complex, whereas heterochiral interaction between 25 and 2R gives a meso 
^ r � r T ^ i ^ e 2 
於 二 0 4 一 躲 0 办 - " 
R MC^ ‘ ^ r , R 
2 Scatalyst • … ^ Zn. 八 
2S,2S' - ^ ^ ^ 0 /0''r^ 
+ Zn ^ 
“ R N T 、 ^ ^ 
Me2 “ Me2 
j^TV、N、月 0 . . , S - ^ 
> , ^ n J>^ ^ R-Zn 才 2S,2R' 
S ^ '0. P " " r ^ ^ - N、、、^^  
,zn < Me2 
p( N〜、^^ 
Me2 2 Hcatalyst 
2 R, 2 R' 
Scheme 9 
25, TR complex. Reaction of equimolar amounts of dialkylzinc and enantiomerically 
pure ( - ) -DAIB affords the 25 , TS complex, whereas reaction with racemic DAIB 
gives the meso isomer 25, TR complex exclusively. Mixing enantiomeric 25, TS and 
2R, TR complex in a 1:1 ratio also affords the meso 25, TR complex. Thus the 
heterochiral interaction ofenant iomers is overwhelmingly favored thermodynamically 
over the homochiral interaction. Consequently, in solution, the chiral diastereomer has 
greater tendency to dissociate into the reaction monomer that participates in the 
catalytic cycle. Thus，when the partially resolved DAIB auxiliary is used，the minor 
enantiomer is t ransformed to the meso complex while the enantiomer present in 
excess produces the more reactive chiral dimer. 
A series of chiral amino alcohols which is mostly derived f rom amino acids 
effectively accelerate addition of Et2Zn to aldehydes (F igure 21). There have some 
other type of auxiliaries used in this reaction, for example, chiral 1 ， 2 - d i o l s l 9 2 and 
• . 
chiral piperazines 193，but they usually give lower optical yields. 
It was noted in the F i g u r e 21 that most of effect ive chiral l igands or 
auxiliaries are p-amino alcohols (mainly P-tertiary and some p-secondary amino 
alcohols). Only a few of example of y-amino alcohols which catalyze the 
„ P h Ph „ Ph n :Ph 
O ^ O H O ^ 0 H O ^ O H 
I I ‘ 
Me R Me 
177 111a^^ R = Me 112^77 
111bi^ R = *Bu 
C 3 ^ o H C 3 ^ pu / ~ \ _ 2 
N N 〜 N P h P h 〉 , V 、 / 
S r % i P h ^ H H 
I J H 0 ^ OH 
^ p 7 ^ P h 
113178 114179 li5l8O 
Ph t ^ Ph 尸 
) “ ( ) ^ 
HO NR1R2 HO NR1R2 
Me 
I 
116ai8i R i=Me, R2 = Me2NCH2CH2 117a^ ®^ R i - M e , R2= ^ ^ N ) 
116bi82 Ri =Me. R2 = 'Pr 
117bi83b R1=R2 = allylyl 
116ci83 Ri =R2="Bu 
S ^ / M e 117<：1咖 Ri = R2 = (CH2)4 
116di84 Ri = Me’ R2 = N ^ O H ”？^’助 ^^ = ^^ =“日口 
Me、 ’々 ph 
Ph ， 、 
) ~ ^ \ r ~ \ 叫 
HO NR1R2 HO N < 
118ai8i R i = M e , R 2 = Me2NCH2CH2 11如186 n = 3 
、 ‘ n ~ \ ^ 1 1 9 b i _ n = 4 
118bi85 R i = M e Fl2 = t B u " ^ ^ ^ ^ O H 11恥 
^ u 
To be continued 
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Figure 21 Effective chiral auxiliaries for asymmetric addition 
of diaikylzincs to aldehydes 
enantioselective addition of diethylzinc to aldehydes has been r e p o r t e d . l 8 8 J 8 9 b 
The reaction pathway has been examined by using P-amino alcohols by 
Noyor i et al l76. On the basis of l H N M R studies, single-crystal X-ray analysis, 
molecular weight determinat ion of certain key intermediates, alkyl scrambling 
experiments, kinetic measurement, and many lines of structural information support 
the mechanism shown in Scheme 10. 
R \ / R 
R、p—Znpn 
N R , r ^ : % " r ^ v 1'4 R ^ ^ 、 
r ^ ^ 1 , 2 C o ' ^ o 令 ^ 、 ， 广 〜 R . . 
� � H r ^ J , , R ^ \ ( 
Y ^ R2Zn 
-ArCHO + ArCHO -ArCHO +ArCHO \ 
‘ o. Ar R'2 
0. Ar ^2 ^ ^ N Ar 
a^ 2 , Q j p,zn r v . ^ _ 〔 / 、 , 0 » < 
户、口 .RaZn ^ 0 l P 、Z( R 
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R 、 p ^ Z n p . , Z \ 
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Scheme 10 
p-Amino alcohols are supposed to form five-membered chelating rings with 
::. metal. A survey of literature reveals that six-membered chelates are less effective and 
indeed are very s p a r s e . l 4 5 Such situation also applies in this reaction. y-Amino 
alcohols which would be expected to form a six-membered chelating ring with metal 
Zn fo r the catalyt ic addit ion of die thylzinc to aldehydes have rarely been 
utilized.l88,l89b 
•.::/'• 
I I A s y m m e t r i c a lkyla t ion of a ldehydes catalyzed by chi ra l pyr idy lpheno l 
W e have synthesized several novel chiral pyridylphenols and two of them 
have been succes s fu l ly resolved as descr ibed in Chapte r II. These chiral 
pyridylphenols serve as a new type of amino alcohols (F igure 22). 
p 00 HO NR1R2 ^ ^ N J 
OH 
p-amino alcohol <y-amino alcohol 
Figure 22 
Those amino alcohols depicted in F i g u r e 22 possess chiral centers, but those 
I 
chiral pyridylphenol possess chiral faces. Tunable dihedral angles between the pyridyl 
ring and phenol ring as well as the tunable electronic influences are distinctive 
characteristics. 
n - I A s y m m e t r i c add i t ion of diethylzinc to a ldehydes catalyzed by (R)-(+)-75b 
The pyridylphenol (/Q-(+)-75b acted as a chiral catalyst with a high catalytic 
activity and enantioselectivity in the alkylation of aromatic aldehyde with diethylzinc. 
Successful catalytic asymmetric addition of diethylzinc to aromatic aldehydes has 
been found for pyridylphenol (R)-(+)-75h with high catalytic activity (eq 14). The 
^ - . 
enantioselectivity of the product {Ry 133c was very high. 
10 mol% (f?)-(+)-75b Ph Et 
PhCHO + Et.Zh Hexane.0OC.48h ^ OH 
I i06c ( ^133c 
96% yield 
93% ee 
1. T h e inf luence of the solvent 
Solvent effect on enantioselectivity has been observed in the stereospecific 
addition of dialkylzinc to a l d e h y d e s . l 9 b When the catalytic alkylation reactions of 
aromatic aldehydes were carried out in hexane, toluene and ether, a drastic effect of 
the solvent on the enantioselectivity of the addition was revealed. All reactions were 
carried out with 2 equivalents of diethylzinc and 5.0 mol% of (/?)-(+)-75b at 0 oC 
under N2 for 48 hours (eq 15). Nonpolar solvents such as hexane and toluene gave the 
highest ee and yields. In contrast, lower enantiomeric excesses and low yields of 
products were observed in polar solvents. The reactions carried out in T H F and 
CH2Cl2 were sluggish and both the enantiomeric excesses and yields of the products 
were decreased. 
5 mol% (RH+)-75b PhyEt 
PhCHO + Et2Zn • X^ 。巧 
Solvent, 0 °C. 48h OH 
106c (^)-133c 
T a b l e 14 Solvent effect on the enantioselectivity of asymmetric 
addition of Et2Zr1 to benzaldehyde 
’ {Kyl33c PhCH2OH 
Solvent % ee (Yield) Yield (%) 
Hexane 87 (95) 0.8 
Toluene 75 (90) 3.7 
Ether 66 (73) 5A 
THF <10(55) 12 
r CH2Cl2 < 2 ( 1 9 � 18 
Based on Noyor i ' s mechanism with the zinc monomer chelate as the active 
i^  species, it seems that the solvent molecules coordinate to the zinc center (Scheme 11). 
I The ratio of the binding constants of aldehydes (K/? /K5) to the zinc complex may 
fe 
increase with decreasing polarity of solvents without too much change in k/? /k5. 
Therefore, the ee increase. Alternative mechanistic proposal may involve the increase 
o f k / ? / k 5 without significant change in K/? /K5. An equally possible explanation is 
the rate constant (k) of the uncatalyzed reaction increases very rapidly with increasing 
polarity of solvents. Though a qualitative kinetic picture helps to rationalize, a 
quantitative picture at the molecular level remains to be unraveled. 
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Scheme 11 A proposed mechanism for catalyzed enantio-addition and 
uncatalyzed addition of diethylzinc to aldehydes 
A major byproduct of the reaction of the benzaldehyde with diethylzinc was 
benzyl a lcohol , whose yield has been reported to increase with increasing 
aldehyde/diethylzinc r a t i o . l 9 b The yield of benzyl alcohol also increased with 
increasing of the dielectric constants of solvents. The ethylation product, e thylz incl -
phenyl-1-propanoxide, may react slowly with benzaldehyde, forming propiophenone 
and benzyl alcohol af ter hydrolysis [pathway (c)] . Alkyl-Zn moieties do reduce 
aldehydes but are less likely a main source of hydrides, since the reaction using 
d imethylz inc also fo rms benzyl alcohol and a c e t o p h e n o n e . l 9 b D i i s o b u t y l z i n c , 
however, reduces benzaldehyde, owing to the enhanced p-hydrogen r e a c t i v i t y . l 9 4 
In the following reactions, toluene was chosen as the solvent instead of hexane 
despite of a lower enantiomeric excesses. The reasons were based on the following 
factor: a). Substrates will dissolve completely in a more solvating solvent ensuring 
homogeneous reaction. Polar aldehydes such as /7-dimethylamin0benzaldehyde do not 
dissolve well in hexane. b). Ligands (75b and 93a) dissolve in toluene better than in 
t^ v. 
hexane. 
2 T h e inf luence of the react ion t e m p e r a t u r e 
With regard to the temperature effect, it is known that the enantioselectivity of 
catalytic asymmetric reaction is especially sensitive to temperature c h a n g e . l 9 0 , l 9 5 , in 
this system, all reactions were carried out in the presence of the 5.0 mol% of (i^H+)_ 
75b in toluene under N2 for 48 hours (eq 16). 
O H 
/ = r v 5 mol% (ff)-(+)-75b 、“ f = \ . ^ n (16) 
. X - O - C H 0 + Et.Zn 丁0丨豪，柳 ^ ^ A J ^ n 
Temperature (°C) 
^ ^ . . _ . 133b-133d 106b-106d 
The ee of the products 133b-133d increased f rom the temperature range of -23 
o c to 0 oC. Around of 0 oC, a maximum was reached. Above 0 ^C, the ee decreased 
again to close to zero. Therefore, an inversion temperature fell close to 0 ^C. From -23 
t>c to 0 0C, the yields of the reaction increased with increasing reaction temperature 
reaching a maximum of 90%. However, the yields of the reactions did not further 
increase with increasing reaction temperature (Table 15). 
Tab le 15 The influence of the temperature on the enantionselectivity of 
asymmetric addition of Et2Zn to benzaldehyde in toluene 
Temperature 133b (X = C1) 133c (X = H) 133d (X = OMe) 
(oQ % ee {R) Yield (%) % ee {R) Yield (%) % ee (K) Yield (%) 
-23 52 ^ ^ ^ 15 60 
-15 59 78 6} ^2 ^ 74 
•8 66 83 74 80 
0 52 97 75 90 66 96 
8 ^ 89 <5 85 65 91 
15 ^ gg <5 86 30 90 





6 6 - 0 
0 60- 0 
$ : : : 。 
42-
36- 0 0 
30- X =CI 
24^  1 r - ^ 
‘ ， -30 -20 -10 0 10 20 30 
i Temperature (^C) 
；：1 o ;::| 0 
::: 0 “ - ° ° ° 
S 6 - " -
s ：：- S ：：:。 
55 ：： 0 咨 32- 0 
24- " -
：：X = H ��� i:: X = OMe 0 
' \ 丄•；, ； ~ ’ . � » � 3 0 30 .ao -10 6~10 .0 3； 
Temperature (。C) Temperature (°C) 
Figure 23 Temperature influence on the enantioselectivity for addition reaction 
An inversion temperature is indicative of two competiting pathways with 
different sensitivity of rate towards temperature.8d The reactivity difference between 
the two diastereomeric adducts has its origin in the stability difference of the products 
of the binding between the aldehyde with zinc complex (Scheme 11). From -23 ^C to 
0 oC，it may be possible that k / ? � k 5 , but K/? > K5，therefore the ee increased with 
increasing temperature . However , above 0 ^C, the stability d i f ference of two 
diastereomeric adducts (RR and RS) decreased and therefore the stereoselectivity 
decreased with increasing temperature. The origin of this reactivity difference remains 
unclear. 
3 T h e inf luence of the concent ra t ion of catalyst 
In some asymmetric reactions, enantioselectivity is virtually independent of 
the concentration of catalyst. 195b in this reaction, the concentration of catalyst showed 
a remarkable influence on the addition of Et2Zn to benzaldehyde (Table 16). 
！ T a b l e 16 The influence of the concentration of catalyst on the 
enantioselectivity of asymmetric addition of Et2Zn to benzaldehyde 
(^)-(+)-75b Conc. of (/?)-(+)- % ee in toluene % ee in hexane 
(mol%) 75b (mM) (Yields) (Yields) 
15 l M 79 (95) 
10 \ 2 £ 83 (94) 93 (96) 
5 ^ 75 (90) 87 (95) 
� 2 2.5 <3 (31) 
«M _ ^ 
«- ^ ^ ^ ^ -
7卜 X 
I ’ 64- / 
56- / 
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Figure 24 The influence of the concentration of catalyst (in toluene) 
Both the enantioselectivity and the reaction rate increased with increasing 
concentrat ion of (^)-(+)-75b both in toluene and hexane. In F igure 2 4， t h e 
enantioselectivity attained a maximum and did not significantly increase or decrease 
with increasing concentration of the catalyst. Thus, a saturation effect of catalyst was 
observed. 
4 Elec t ron ic ef fect on the enantioselectivity of a symmet r i c add i t ion of 
diethylzinc to a r o m a t i c a ldehydes 
In the catalytic enantioselect ive addition of diethylzinc to p-substituted 
benzaldehydes catalyzed by the chiral pyridylphenol (i?)-(+)-75b (eq 17)，we have 
observed for the first t ime that the enantioselectivity (1) depends on the electronic 
f 
effect of the aryl aldehydes in a linear free energy relationship and (2) increases with 
more reactive substrates. 
j T ^ 5% mol {R)' (+)-75b „ _ y = X _ £ p , (17� 
X - ^ C H O + Et.Zn T o | _ , o o c ^ ^ A ^ ^ ^ 
106a-106e 133a-133e 
X=:NMe2,OMe, H, CI, CN 
The governing factors for achieving high enantioselectivity remain the subject 
of speculation even in reactions that have been extensively s t u d i e d . 5 8 ， l 9 6 Most often, 
enantioselectivity in catalytic asymmetric reaction has usually been interpreted that it 
was relied on the design and manipulation of both the catalyst and substrate steric 
e n v i r o n m e n t . U 0 , l 9 7 Electronic effect has seldom been reported as a control element 
for enantioselectivity even though the electronic properties of both the catalyst and 
substrate can have profound effects in fundamental organometallic p r o c e s s e s . l 9 8 in 
the limited number of casesl43b,l99 that the electronic effects have been studied, the 
underlying reasons are poorly understood. 
The results of the enantioselective catalytic addition of diethylzinc to aromatic 
aldehydes (eq 17) by (/J)-(+)-75b are summarized in Tab le 17. The reactions were 
conducted at 0 ^C in toluene in the presence of 5 mol% of (/?)-(+)-75b (optical purity 
T a b l e 17 Enantioselective addition of diethylzinc to p-substituted aromatic 
aldehydes catalyzed by chiral pyridylphenol {R)-{+yi5b 
r i20 Vfc 
Product X Yield(%) % e e ^ | ^ Config.P 
133a NMc2 88 40 +44.7 (c=3.0, C6H6) 怀 
" 7 7 ^ 1 ；^ ^ Z ~ " +21.9 (c=1.0, CHCl3) 
133b OMe 96 66 Lit.l87 = + 33.8 R 
- ^ u ^ Z “ +39.2(c=1.0, CHCl3) 
133c H 90 75 Lit.l95b = + 47.7 及 
- ^ n ^ ^ +18.9(c=1.4 ,C6H6) 及 
Lit.l95c = + 24.3 
133e CN 97 89 +19.6 (c=4.5, C6H6) R^ 
a Determined by chiral Daicel O D H P L C column 
b Absolute configurations determined by comparison of reported optical rotations 
c Absolute configurations determined by comparison of the same sign as the R isomer 
of 133b-e 
d Absolute configurations determined by »H N M R of its ester of (5)-0-methylmandelic acid 
> 99%) under N2. Complete conversion of the aldehydes was found to take place 
within 48 h. From the T a b l e 17, it can be seen that the addition of diethylzinc to 
aromatic aldehydes catalyzed by (RH+)'75b resulted in high yield of secondary 
alcohols with moderate to high enantioselectivity. 
Mos t remarkably, electronically different substrates exert a remote 1，5-
electronic effect on the enantioselectivity of the reactions. Substrates bearing electron-
wi thd rawing groups at the p a r a - p o s i t i o n s of arylaldehydes a f forded higher 
enan t iose lec t iv i ty whereas that wi th e lec t ron-dona t ing groups gave lower 
enantioselectivity. From the Hammett plot of log(R/S) versus Hammett constant a p 
% 
200 of the substituents of substrates, a straight line was obtained (R^ = 0.99) (F igure 
‘ 25). For example, the enantioselectivity of 133e is 89% ee but for 133c the optical 
yield dropped to 75% ee; this corresponds to a difference of more than 0.5 kcalmol_l 
in M G ^ for the two transition states in reactions with the different substrates. 
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Figure 25 Plot of \og(RS) of alcohols vs Hammett constant Gp 
A rather good correlation between reactivity and enantioselectivity: high 
enan t io face select ion is obtained with a fast reaction. The enant ioselect ivi ty 
remarkably increased with more reactive substrates. Competition experiments were 
carried out between one equivalent each of p-dimethylaminobenzaldehyde (106a) and 
benzaldehyde (106c) by using two equivalents of Et2Zn in the presence of 5 mol% of 
(^)_(+)_75b at identical condit ions. The result showed that the relative rate of 
106a/106c towards the addition by Et2Zn was to be 1 : 10. With the same method, the 
relative rate of 106a>^106d and 106c/106e towards the addition by Et2Zn was found to 
be 1: 34 and 1: 4.9 respectively. When benzaldehyde was set as a relative rate of 1.0， 
the relative reactivity of the p-arylaldehydes were found to be: CN (4.9)，C1 (3.4), H 
(1.0)，Me2N (0.1). This reactivity pattern parallels the enantioselectivity. To the best 
of our knowledge, only one other report has mentioned this phenomenon r e c e n t l y . l 9 9 e 
It was found that the optical yields of competitive products were decreased in the 
\ competitive experiments. For example, in the competitive reaction between 106a and 
106d, the optical yields of both 1 3 3 a and 133d were decreased to 35% and 62% 
respectively. 
The origin of these remarkable electronic influences on the enantioselectivity 
remains unclear. Electronic effect on enantioselectivity may be attributed to changes 
# 
imparted by the substi tuents on reactivity of the reaction intermediate. It was 
reasonable that e lec t ron-wi thdrawing groups at the para position of aromatic 
aldehydes increases the electrophilicity o f t h e carbonyl carbon and therefore increases 
the reactivity of the substrates. Electron-donating groups such as Me2N or M e O 
decreases the electrophilicity of the carbonyl carbon and that would unfavore the 
attack of nucleophile to carbonyl of aldehydes. However , the question is how to 
understand high enantioface selection is obtained with a fast reaction. For electron-
deficient substrate, k / ? » k5 may be responsible for this phenomenon. 
A p a r t f r o m the 1 0 6 a - c , 2 - n a p h t h y l a l d e h y d e (106f) and p -
trifIuoromethylbenzaldehyde (106g) were also subjected to the ethylation in the same 
reaction conditions. The (/?)-configuration of ethylation products were obtained in 72 
f 
% and 68 % of enantiomeric excesses respectively determined by optical rotation or 
l H N M R analysis of the ester of 0 -me thy lmande l a t e . Apart f r o m the l-{p-
trifIuoromethylphenyl)-1 -propanol (133g), the enantiomeric excesses of ethylation 
J? 
products 133a-f were determined by H P L C on Daicel OD Chiral column. The 
retention times were listed in Tab le 18. 
Table 18 Retention time(min) of optical active secondary alcohols 
9 ^ Compound &uent Flow rate 丁“(巾丨门） 
A r ^ ^ ^ ^ ^ number hexane/2-propanol (mL/min) ^ S 
•_ 
p-Me2NC6H4 133a 95/5 0.5 26.6 30.6 
p-MeOCeH4 133b 97.5/2.5 1.0 17.1 19.6 
|. CeHs 133c 97.5/2.5 1.0 11.7 14.5 
p-ClC6H4 133d 97.5/2.5 1.0 12.3 11.6 
p.CNC6H4 133e 97.5/2.5 1.0 39.8 38.8 
2-naphthyl 133f 97.5/2.5 1.0 33.2 29.0 
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Figure 26 HPLC traces of133c 
(Daicel OD chiral column, flow rate : 1.0 mL/min. hexane/2-propanol 97.5:2.5) 
The absolute configurat ions of 133e and 133g as well as the enantiomeric 
excesses of 133g were de te rmined by ! H N M R of their es ters of (5)-0-
methylmandelic acid (eq 18) due to lack of literature data. The correlation between the � 
lH N M R shifts and absolute stereochemistry of 0-methylmandelates 201 is illustrated 
in F i g u r e 2 7 . 
� OMe f 9 
T + p , x V 0 H D C C , D M A P , A r ^ O ^ P ^ (18) 
A r ^ E t Pn J CH2CI2, r.t OMe 
133 135 136 
？ ” t \ PMe 
二 ： ^ ^ 人 、 三 p , & . 
H B ^ 
Shielded - ^ 
门 H H 
丫 7 . A r ^ bMe 
- : ^ t ^ o A , A - p ^ E t 
H Ar 
Shielded - ^ 
Figure 27 Mosher model and "extended Newman projection" of the (S)-0-
methylmandelates of aromatic alcohols 
Table 19 i H NMR data of (S)-0-methylmandelic esters of secondary alcohols 
(S) -0 -methy lmande la te。：二 _ l j j L _ 鄉 - ^ ^ ^ ^ 
number 丹 S R S R S 
1 L p h 
( f ^ ^ ^ ^ Y ^ ^ O ^ " ^ 136c 0.63 0.85 80/20® 4.80 4.83 7.4 7.4 
H ^ OMe 
a � U 
^ ^ 5 ^ Y ^ ^ O ^ ^ " ^ P h 136e 0.66 0.86 89/11^ 4.80 4.83 7.4 7.4 
N c J ^ OMe 
1 9 ph 
( f ' ' ' ' V ^ ^ O ^ ^ 136g 0.66 0.87 84/16 4.80 4.83 7.4 7.4 
F 3 C ^ OMe 
® HPLC analysis 87.5/12.5 
^ ^ HPLC analysis 94/5 
It is more convenient to view the esters via an "extended Newman projection” 
in which the intervening ester linkage is omitted. From the F igure 27 , it was obvious 
that the ethyl group of the /？-configured alcohol is more shielded and therefore the 
chemical shift would be upfield shifted ( T a b l e 19). The (5)-0-methylmandelic ester 
of i 3 3 c whose absolute stereochemistry are known was prepared as a comparison and 
the correlation method matches in absolute configuration with optical rotation and the 
ratio obtained f rom HPLC analysis, R/S: 80/20, 87.5/12.5 respectively. The ester of 
133e was also prepared and the ratios determined from ^H NMR analysis and HPLC 
were similar (89/11 vs 94.5/5.5). The ratio of R/S for 133g could only be determined 
by lH N M R analysis since we were unable to resolve the isomeric alcohols by chiral 
HPLC. 
The preparation of the (5)-0-methylmandelate of 133a was unsuccessful 
despite numerous attempts. When 133a was treated with (5)-0-methylmandelic acid 
in the presence of D C C and D M A P in the same reaction conditions in CH2Cl2, a 
complex mixture resulted and p-dimethylaminostyrene was formed in about 10 % 
yield. Traces amount of acid in CH2Cl2 may be responsible for the elimination of the 
133a . When the reaction was carried out in DMF, no desired ester was obtained. 
Finally, the configuration was determined by comparing the sign of the specific 
rotation which was the same sign as that of the R isomers of 133b-e. 
1 
疼 
I I - n Asymmet r i c addi t ion of diethylzinc to aldehydes catalyzed by (5)-(-)-75b 
The asymmetric additions of diethylzinc to aromatic aldehydes catalyzed by 
its enantiomer (5)-(-)-75b were examined as well. The reactions were carried out by 
using two equivalents of Et2Zr1 in the presence of 5 mol% of (5)-(-)-75b. These 
conditions were identical with that of (/^)-isomer. Surprisingly, with the use of (5H_)-
75b, d i f ferent results were obtained. A non-linear relationship between the 
enantioselectivity with the electronic effect of the aryl aldehydes was observed 
(Figure 28). A comparison of the experimental results both using (/?)-(+)-75b and its 
enantiomer (5>(-)_75b is summarized in Table 20. 
From the Tab l e 20，it can be seen that the yields of the ethylation products 
. were excellent except for that of 133a and 133b . The absolute configurations were 
determined to be S by HPLC analysis using the retention times. However, the ee 
decreased f rom electron-donating aldehyde reaching a minimum for 133b . The ee 
then increased again for more electron-deficient aldehydes. The Hammett plot of 
log{S/R) versus Hammet t constant did not obey a linear relationship, but showed, 
instead, a parabolic curve. 
Table 20 Enantioselective addition of Et2Zr1 to aromatic aldehydes 
catalyzed by (f?)-(+)-75b and (S)-(-)-75b 
f/?)-(+)-75b (5J-(+)-75b 
Products % ee (Yields) Major isomer % ee (Yields) Major isomer 
133a 40 (88) R 50 (30) S 
133b 66 (96) R 19 (72) S 
133c 75 (90) R 30 (89) S 
133d 80 (97) R 63 (90) S 
133e 89 (92) ； R 93(97) S 
1 . 5 " | “ ~ 
1 . 4 -
1 . 3 -
1 . 2 -
1 . 1 -
1 -
E 0 . 9 -
S 0 . 8 -0) 
5 0 . 7 - 〇 
0 . 6 -
0 . 5 - 0 
0 . 4 -
0 . 3 - 0 
0 . 2 - 〇 
0.1^^ , r — — — r 1 H 
_ l . 2 _0.8 -0 .4 0 0.4 0.8 
Hammett constant 
Pigure 28 Plot of optical yields of alcohols vs Hammett constant cp 
The dif ference between the ee of two enantiomers for the same aldehyde 
substrate is unders tandable since the optical purity of (5)-(-)-75b is only 96% 
compared to 99% of for (/^)-(+)-75b. The trends for (/?)-(+)-75b and (5)-(-)-75b, 
however , are diff icult to rationalize. It may be possible that for (5) - ( - ) -75b, the 
electronic sensitivity of the bindings of aldehydes (K) to the zinc complex and the 
ethyl transfer (k) cross over. The K/^/K^ may be larger for (5)-(-)-75b, but k/^/k^ is 
small for electron-donating aldehydes. 
I I - I I I A s y m m e t r i c add i t ion of diethylzinc to a ldehydes catalyzed by (i?)-(+)-93a 
一T h e in f luence of L igand s t ruc tu re 
Enan t iose lec t iv i ty in catalyt ic asymmetr ic react ion has usual ly been 
interpreted that it was relied on the steric environment of chiral catalyst. 197 Indeed, 
the steric envi ronment of chiral catalyst is a key influential factor because the 
interaction between the substrate and the chiral auxiliary involves strict matching of 
the steric environment. With the use of 5 mol% of (^)-(+)-93a (97% ee), the reactions 
were carried out by using two equivalent of Et2Zn at 0 ^C under N2 for 48 h. These 
condit ions were identical with that of (/^)-(+)-75b. The reactions showed a good 
reactivity but afforded a low enantioselectivity (Table 21). 
Table 21 Enantioselective addition of Et2Zn to aromatic aldehydes 
catalyzed by {R)-(+)-75b and (^-(+)-93a 
r " Z r Z V Ligand (/?)-(+)-75b Ligand (/?)-(+)-93a 
Products X % ee (Yields) % ee (Yields) 
， 133a Me2N 40 (88) 21 (68) 
133b MeO 66 (96) 12 (73) 
133c H 75 (90) 19 (89) 
133d g 80 (97) 23 (87) 
133e CN 89 (92) 41 (92) 
-Ir 0.39"P 一 o 
0 . 3 6 -
0.33-
0 . 3 -
一 0.27-
^ 
S 0 . 2 4 -
，.- 实 
° 0 . 2 1 - 0 
I 0.18- 0 0 
0 . 1 5 -
0 . 1 2 - 0 
0 . 0 9 " l ^ ~ - ~ I 1 1 1 7 l 
-1.2 -0 .8 -0.4 0 0.4 0.8 
Hammett constant 
Figure 29 Plot of optical yields of alcohols vs Hammett constant Gp 
The above table reveals a strong influence of the ligand structure on the 
catalytic activity and the enantioselectivity of the reaction, (^)-(+)-93a showed lower 
catalytic activity in terms of yields and enantioselectivities in the ethylation of 
aromatic a ldehydes than that of (R)-75b. From the X-ray structure analysis, the 
dihedral angle of (/^)-75b (87.0 •) is larger than that of ( ^ ) -93a (80.4。)，perhaps the 
former can provide a better enantiofacical discrimination. A larger dihedral angle of 
chiral face l igand/catalyst had been reported to induce higher ee in Diels-Alder 
reaction. ^ 1 � 
Simi la r to that of (5j-(-)-75b, a nonl inear re la t ionship be tween the 
enantioselectivity and the electronic effect of the aryl aldehydes was observed for (R)-
. f 
93a ( F i g u r e 29). The Hammett plot of log(Rj^S) versus Hammett constant showed 
possibly two intercepting straight lines. 
Concerning the effect on the enantioselectivity of the reaction, it has been 
，>. 
i$ . 
r e p o r t e d 7 b that one of the essential factors for asymmetric addition of organozinc to 
aldehydes is steric congestion of the chiral auxiliary. Steric congestion produces rate 
enhancement . All eff icient chiral amino alcohols are sterically congested. Unlike 
steric congested amino alcohols, a simple amino alcohol form a trimeric a l k o x i d e 2 0 2 
with dialkylzinc (Scheme 12). 
R*2 p« 




R'2 r v 
R、？ 9 � R = CH30rC2H5 
R ' 2 N f 0 ^ - ^ . , R ' = C H 3 
\^»«I R ^ 
Scheme 12 
76 
¢, • .^...丨. ，). 
T By contrast, when steric congested amino alcohols are mixed with dialkyIzinc 
fl-
f in toluene, a d i m e n c alkylzinc alkoxide is formed. This dimcric alkoxidc can readily 
dissociate into the coordinat ively unsaturated monomers that act as thc actual 
I . 
I catalysts, whereas such monomeric spccics arc difficult to generate f rom thc cyclic 
trimers. Therefore, a more stcrically congested ( /0 -75b gavc higher yields and ce Oian 













Seven novel chiral pyridylphenols and a derivative of pyridylthiophenol and 
pyridylphenyl phosphite have been synthesized. Two of the pyridylphenols have been 
resolved. In the synthesis of pyridylpenols f rom the Suzuki cross-coupling of bulky 
arylboronic acid with halopyridines, strong bases are found to exert a remarkable rate 
acceleration and yield enhancements. 
Asymmetric addition of diethylzinc to aromatic aldehydes catalyzed by (R)-
(+)-75b, (5)-(-)-75b and (/?)-(+)-93a has been studied. Pyridylphenol (R)-(+)-75b 
shows a high catalytic activity and affords a moderate to high enantioselectivity in the 
ethylation of aromatic aldehydes. Nonpolar solvents such as hexane and toluene give 
the highest ee and yields. A maximum enantioselectivity of the addition reaction of 
- diethylzinc to aromatic aldehydes falls at about 0 o C Both the enantionselectivity and 
the reaction rate increase with increasing concentration of (^)-(+)-75b. 
The enantioselectivity of the addition reaction of diethylzinc to aromatic 
aldehydes depends on the electronic effect of the aryl aldehydes in a linear free 
energy relationship and a high enantioselectivity is obtained with a more reactive 
substrate. Sterically more congested chiral ligand {Ry75b gives higher yields and 
ee 's than the sterically less congested chiral ligand (iR>93a. A larger dihedral angle 
in these chiral face ligands may account for a better enantiofacial discrimination. 
Chapter IV EXPEMMENTAL SECTION 
IR spectra were recorded on a Nicolet (205) FT-IR spectrophotometer as neat 
film on KBr plates. ^H N M R spectra were recorded on either a Bruker W M 250 (250 
MHz) or Bruker A M X 500 (500 MHz) spectrometer. Spectra were referenced 
internally to the residual proton resonance in CDCl3 (8 7.24 ppm), or with 
tetramethylsilane (TMS, 5 0.00 ppm) as internal standard. Chemical shifts (5) were 
reported as part per million (ppm) in 8 scale down-field from TMS. Coupling constant 
( j ) were reported in Hertz (Hz). 13c NMR spectra were obtained on either a Bruker 
W M 250 (62.89 MHz) or Bruker AMX 500 (125 MHz) spectrometer and referenced 
to the residual CHCl3 ( 8 77.00 ppm) in CDCl3. 3 lp NMR spectra was recorded on a 
• f 
Bruker AMX 500 (202 MHz) spectrometer and the chemical shift (5) was referenced 
to the external standard H3PO4 (0.00 ppm). NMR spectroscopic terms are reported by 
using the following abbreviations: s, single; d, double; t, triplet; m, multiplet. Mass 
spectra ( E M S ) were obtained on a VG 70-70F spectrometer and FABMS spectra 
were recorded on a ZAB HS Mass Spectrometer using m-nitrobenzyl alcohol (NBA) 
as the matrix at Lanzhou University, China. CD (circular dichroism) were recorded on 
a JASCO J-20C spectropolarimeter. Specific rotation were measured on a Perkin_ 
Elmer polarimeter 341. The HPLC analysis were conducted on a Water's 486 system 
with using a Daicel O D chiral column (0.46 x 25 cm). Temperature control 
experiments were conducted with a RTE-210 water bath (NESLAB m S T R U M E N T S , 
j ^ C . ) and the temperature was measured by a FLUKE digital thermometer 2170A (土 
0.1 o Q . Elemental Analysis were performed by the Medac Ltd., Department of 
Chemistry, Brunei University, United Kingdom. 
Melting points were measured on an Electrothermal melting apparatus and 
were uncorrected. Unless otherwise noted, all materials were obtained f rom 
commercial suppliers and used without further purification. Tetrahydrofuran (THF) 
and diethyl ether (Et2O) were distilled from sodium benzophenone ketyl immediately 
prior to use. Hexane was distilled over calcium chloride. Toluene was distilled from 
sod ium and d ich lo romethane was dist i l led over calc ium hydride. Thin layer 
chromatography was performed on Merck precoated silica gel 60 F254 plates. Silica 
gel (70-230 and 230-400 mesh) was used for column chromatography. In the data 
analysis, M a c Curve fi t version 1.1 was used. The molecular mechanics were 
performed by using PC Model in a Mac Quadra 650. For some optical compounds 
without specific rotation data in this thesis was because of insufficient sample for 
measurement. 
2 -Bromo-3 ,5 -d i - t e rObu ty lpheno l (70). To a solution of 3,5-di-tert-butylphenol (30 
g, 0.15 mol) in CS2 (50 mL) at 0 ^C, bromine (7.7 mL, 0.15 mol) in CS2 (7.5 mL) 
was added dropwise during a period of 2 h, the resulting brown solution was stirred 
f 
for another 1 h at room temperature. Saturated Na2S2O3 solution (20 mL) was added 
and the solution was stirred for 30 min. The organic layer was separated and aqueous 
, layer was extracted with CH2Cl2 (50 m L x 2), the combined organic extracts were 
ifc-' 
washed with water and brine, dried over Na2SO4. After removal of solvent, the light 
yellow residue was recrystallized f rom CH2Cl2-hexane to give colorless crystals (40 
g，94%). m p 113-115 oC ( L i t . l 5 2 b 114.5-115.5 o Q ; R / = 0.41 (hexane/ethyl acetate = 
1 ： 2); l H N M R (250 MHz, CDCl3) 5 1.29 (s, 9 H), 1.51 (s, 9 H), 5.92 (s, 1 H)，6.97 
(d, 1 H, J = 2.3 Hz), 7.04 (d, 1 H, J = 2.3 Hz); M S (EI): m/z (relative intensity) 285 
： 0vl+, 11), 284 (77)，282 (74), 256 (16)，254 (21), 57 (100); IR (neat): 3502, 2963, 
2906，1608，1570，1479 cm_l. 
2-Bromo-3,5-dW^rr-butylanisole (71). A solution of sodium hydroxide (2.64 g, 66 
f/i;. . 
, mmol) in 30 m L of water was added to 2-bromo-3, 5-di-tbutylphenol (70) (9.5 g, 33 
‘ mmol) . After the mixture was cooled to 0 ^C, Me2SO4 (6.2 mL, 66 mmol) was then 
added dropwise within 2 h. The mixture was further heated at 65 ^C for another 2 h 
before cooling down to room temperature. The reaction mixture was extracted with 
CH2Cl2 (25 m L X 3). The extracts were washed with brine, dried over MgSO4. After 
removal of the solvent, the residue was distilled in vacuo to give 2-bromo-3,5-di-
tbutylanisole (71) as a colorless liquid (88-90 oC/0.02 mmHg) which solidified as 
colorless crystals (8.8 g, 88%) upon standing for a while, mp 46-48 ^C ( L i t . l 5 2 b 47.5-
48 oC); R / = 0.39 (hexane); iR NMR (250 MHz, CDCl3) 8 1.32 (s, 9 H), 1.54 (s, 9 
H), 3.89 (s, 3 H), 6.83 (d, 1 H, J = 2.2 Hz), 7.12 (d, 1 H, J = 2.2 Hz); MS (EI): m/z 
(relative intensity) 299 (M+，43)，297 (40), 284 (60)，282 (54), 254 (13)，57 (100); IR 
(neat): 2963，2910，1606，1566 cm"!. 
2，4-Di-^Butyl-6-methoxyphenylboronic acid (72). nButyllithium (1.6 M in hexane, 
25 mL, 40 mmol) was added to a solution of 2-bromo-3,5-di-^utylanisole (71) (12 g, 
40 mmol) in T H F (20 mL) at -78 oC under nitrogen. The mixture was stirred for 1 h 
and then transferred to a solution of B(OMe)3 (9.1 mL, 80 mmoL) in T H F (10 mL) at 
-78 oc under nitrogen. It was allowed to warm up to room temperature and stirred 
overnight, HC1 (10%, 20 mL) was added to the mixture and stirred for 10 min. The 
organic layer was separated and the aqueous phase was extracted with ether (50 mL x 
3). The combined organic phase was washed with brine. After removing of solvent, 
the residue was redissolved in benzene (60 mL). A solution of Na2CO3 (8.5 g, 80 
mmol) in water (40 mL) was added and then the mixture was refluxed for 24 h. 
Benzene was rotary-evaporated and the remaining aqueous layer was extracted with 
ether (30 mL x 3). The ether layer was then washed with brine and dried over MgSO4. 
The solvent was removed and the residue was recrystallized from ether / hexane to 
give 2, 4-di-tButyl-6-methoxyphenylboronic acid (72) as a colorless crystals (7.8 g, 
74 %). mp 164-166 oC; Rf= 0.29 (hexane/ethyl acetate = 3 : 1); ^H N M R (250 MHz, 
CDCl3) 8 1.32 (s, 9 H)，1.42 (s, 9 H), 3.81 (s, 3 H), 4.78 (brs, 2H), 6.76 (d, lH , J = 1.6 
t Hz), 7.11 (d, 1 H, J = 1.6 Hz); FABMS: m/z (relative intensity) 264 (M+, 46)，263 
� (66)，240 (17)，57 (100); JR (neat): 3316’ 2960,1604，1554 cm" 1. 
2 . B r o m o - 3 . m e t h y l p y r i d i n e ( 7 3 b ) . l 5 5 48 % HBr (39.5 mL) was added in a three-
neck flask, fitted with a dropping funnel, a mechanical stirrer and a l o w temperature 
thermometer. It was cooled to 0 ^C in an ice-salt bath. 2-amino-3-methylpyridine (8.0 
mL, 80 mmol ) was then added over a period of 10 minutes with the solution 
maintained at 0 oC. Bromine (12 mL, 0.23 mol) was then added within 1 h. Sodium 
nitrite (14 g, 0.20 mol) in water (20 mL) was introduced dropwise over 2 h and the 
solution was kept at 0 o c . Stirring was cont inued for another 30 min. Sodium 
hydroxide (30 g, 0.75 mol) in water (30 mL) was then added. Potassium hydroxide 
pellets (5.0 g, 90 mmol) was added and the reaction mixture was standed for 1 h. 
Af ter fi l tration the ether was removed and the residue was submitted to vacuum 
distillation (45 oC/0.15mmHg) to give 2-bromo-3-methylpyridine (3.6 g, 26 %) as a 
colorless liquid. l R N M R (250 MHz, CDCl3) 5 2.39 (s, 3 H), 7.18 (m, 1 H), 7.52 (d, 
1 H, J = 7.5 Hz), 8.20 (d, 1 H, J = 3.6 Hz). 
l - C h l o r o i s o q u i n o l i n e (73c)203 Phosphoryl chloride (28 ml, 0.30 mol) was added to 
a solution of isoquinoline N-oxide (14.5 g，0.10 mol) in CHCl3 (50 mL). The reaction 
mixture was refluxed for 2 h and was then cooled down to room temperature. The 
resulting orange solution was poured into ice. Concentrated aqueous ammonia was 
then added until the solution was basic. It was separated and the aqueous layer was 
extracted with CH2Cl2 (50 m L x 2). The combined organic extracts were dried over 
Na2SO4, then concentrated in vacuo to give a brown oil. Vacuum distillation (100-
101 oC/0.10 mmg) afforded l-chloroisoquinoline (14.3 g, 84 %) as a colorless solid, 
mp 35-37 oC ( L i t . 2 0 4 37.38 o Q ; R / = 0.52 (CHCl3); !H N M R (250 MHz, CDCl3) 8 
7.56 (d, 1 H, y = 5 . 5 Hz), 7.64-7.74 (m, 2 H), 7.76 (d, 1 H, 7 = 6 . 7 Hz), 8.22-8.30 (m, 
2 H). 
Genera l p rocedure fo r the cross coup l ing of aromat ic boronic acids with 
pyridylhalides using 3,5-di-terMmtyl-2_(2 , -pyridyl)anisole (74a) as an example. A 
mixture of 2-bromopyridine (73a) (79 mg, 0.50 mmol) and 5 mol% of Pd(Ph3P)4 (30 
mg, 0.025 mmol) in D M E (5 mL) was stirred under N2 for 20 min. Then 2, 4-di-
tbutyl-6-methoxyphenylboronic acid (1.32 g, 0.5 mmol) in D M E (0.5 mL) and 2.0 
equivalents of potassium r^rf-butoxide (112 mg, 1.0 mmol) in tert-butmol (0.5 mL) 
) 
were added successively. The reaction mixture was deoxygenated by the f reeze-
pump-thaw method (three times, -196oC to 2 5 ^ 0 and was then refluxed for 4 h under 
N2 until no starting material was left as monitored by TLC. After cooling to room 
temperature, the mixture was filtered and the precipitate was washed with CH2Cl2. 
The filtrates was concentrated by rotary evaporation to give a brown oil and was then 
redissolved in CH2Cl2 (30 mL), washed with water and brine, and dried over MgSO4. 
Concentration using a rotary evaporator and subsequent chromatography on silica gel 
us ing hexane /e thy l aceta te (6:1) as the e luent a f fo rded 3，5-d i -^u ty l -2 - (2-
pyridyl)anisole ( 7 4 a ) (127 mg, 86%) as color less crystals , m p 105-107 ^C 
(hexane/CH2Cl2); R / = 0.25 (hexane/ethyl acetate = 6 : 1)； ^H N M R (250 MHz , 
CDCl3) 8 1.12 (s, 9 H)’ 1.36 (s, 9 H), 3.63 (s, 3 H), 6.85 ( d, 1 H, J = 1.5 Hz), 7.18-
7.31 (m, 3 H), 7.65 (t, l H，J = 7.6 Hz), 8.64 (dd, 1 H, J j = 1.7 Hz，J2 = 5.4 Hz), 1 ¾ 
N M R (125 MHz, CDCI3)： 8 31.4，32.4, 35.1, 36.9, 56.0, 106.3，116.5, 121.4，127.0, 
127.2, 134.9, 148.3, 148.5, 151.4, 157.5, 159.5; FABMS: m/z (relative intensity) 297 
rl'» 
(M+, 100)，282 (52), 266 (32), 210 (16)，120 (10); IR (neat): 2959, 1603; 1588, 1561 
cm- l ; Anal. Calcd. for C20H27NO: C, 80.75; H，9.16; N, 4.71. Found: C, 80.52; H, 
9.26; N，4.68. 
3，5-Di-^^r^-butyl-2-(2-3-methylpyridyl)anisole (74b). The procedure was carried 
out as described for that for 74a except 2-bromo-3-methylpyridine (73b) was used. 
The reaction took a period of reflux for 16 h. After usual work up, 3，5-di-tbutyl-2-(2-
3-methylpyridyl)anisole (74b) as colorless crystals was obtained in 83% yield, mp 
113-114 o c (hexane/CH2Cl2); R / = 0.41 (hexane/ethyl acetate = 6 : 1)； ^H N M R (250 
MHz, CDCl3) 5 1.09 (s, 9H), 1.33 (s, 9 H), 2.06 (s, 3 H), 3.60 (s, 3 H), 6.80 (d, 1 H, J 
‘ = 1 . 9 Hz), 7.11 (dd, 1 H, J j = 4.8 Hz, ]2 = 7.5 Hz), 7.19 (d, 1 H’ J = 1.9 Hz), 7.44 (d, 
1 H, J = 6.8 Hz), 8.44 (d, 1 H, J = 4.6 Hz); 1¾ NMR (62.9 MHz, CDCl3) 5 19.2, 
31.4, 31.9, 35.0, 36.9, 55.8, 106.2, 117.0，121.7，126.0, 134.0, 136.2, 145.6, 148.1, 
151.1，156.9, 159.2; F A B M S : m/z (relative intensity) (M+，20), 296 (100), 281 (12)， 
266 (10), 224 (8)，127 (9); IR (neat): 2959, 1603，1560 cm_l; HRMS (matrix, NBA) 
calcd for C21H29NOH+ 312.2322, found312.2296. 
3，5-Di-ter^butyl-2-(2-isoquinolinyl)anisole (74c). 2-chloroisoquinoline (73c) was 
used as the halopyridine and the reaction was refluxed for 10 h. After usual work up, 
3，5-di-tbutyl-2-(2-isoquinolinyl)anisole (74c) was obtained as colorless crystals in 
77% yield, mp 106-108 ^C (hexane/CH2Cl2); R / = 0.36 (hexane/ethyl acetate = 6 : 1); 
lH N M R (250 MHz, CDCl3) 5 1.01 (s, 9 H), 1.40 (s, 9 H), 3.48 (s, 3 H), 6.88 (s, 1 H)， 
7.30 (s, 1 H)，7.38 (t, 1 H，J = 7.3 Hz), 7.58 (m, 3 H), 7.78 (d, 1 H，J = 8.0 Hz), 8.60 
(d, 1 H, J = 5.8 Hz); l 3 c NMR (62.9 MHz, CDCl3) 8 32.1, 32.9, 35.8, 37.6, 56.6, 
107.0，117.7，120.2, 125.4, 127.1, 128.4, 130.1, 130.6，136.2, 142.3, 150.0，152.4, 
158.5, 162.1; F A B M S : m/z (relative intensity) (M+, 100)，332 (45)，304 (35), 234 
(34)，143 (32); IR (neat): 2960，1602, 1560 c m ] ; Anal. Calcd. for C24H29NO: C, 
82.94; H, 8.42; N, 4.03. Found: C, 82.83; H, 8.53; N, 3.91. 
丨.》? 
General demethylat ion procedure for methoxyphenols : Method A 205. The 
preparation of 3,5-di-tbutyl-2-(2'-pyridyl)phenol (75a) was shown as a typical 
example. A solution of 3，5-di-tbutyl-2-(2-pyridyl)anisole (250 mg, 0.84 mmol) in 
CH2Cl2 (8 mL) was added to a solution of BBr3 (0.08 mL, 0.84 mmol) in CH2Cl2 (1 
mL) at -78 ^C under N2. The reaction mixture was allowed to warm up to RT and 
stirred ovemight. Then H2O (10 mL) was added and the solution stirred for 10 min, 
the organic layer was separated. The aqueous layer was neutralized with saturated 
NaHCO3 to pH = 6 and was then extracted with CHCl3 (10 mL x 3). The combined 
organic phase was washed with brine, dried over MgSO4. After the solvent was 
removed the residue was purified by flash chromatography on silica gel with a 
mixture of hexane/ethyl acetate (3 : 1) as the eluent to afford 3,5-di-tbutyl-2-(2-
pyridyl)phenol (75a) as colorless crystals (170 mg, 71%). mp 181-183 ^C (CHCl3); 
R / = 0.23 (hexane/ethyl acetate = 3 : 1); lH NMR (250 MHz, CDCl3) 8 1.15 (s, 9 H), 
1.32 (s, 9 H), 5.72 (brs, 1 H), 6.85 (d, 1 H, 7 = 1.8 Hz), 7.17 (d, 1 H, J= 1.8 Hz), 7.30 
(t, 1 H, J = 6.1 Hz), 7.41 (d, 1 H, J = 7.7 Hz), 7.73 (t, 1 H, J = 7.7 Hz), 8.69 (d, 1 H, J 
= 5 . 0 Hz); 13c N M R (62.9 MHz, CDCl3) 8 31.3, 32.8, 34.8, 36.9, 111.0，116.9， 
122.2, 124.3, 127.4, 136.2, 148.6, 149.4，152.1, 153.6, 158.9; FABMS: m/z (relative 
intensity) 283 ( M + , 100)，268 (30), 252 (12), 212 (12)，113 (14); IR (neat): 3250, 
2960, 2906, 1607，1564 c m - l ; H R M S (matrix, NBA) calcd for C19H25NOH+ 
284.2009, found 284.2001. 
General demethylation procedure for methoxyphenols: Method B 206. The preparation 
of 3 ,5 -d i - te / t -bu ty l -2- (2-3-methylpyr idy l )phenol (75b) was shown as a typical 
example. Pyridine (11.8 mL, 145 mmol) was added to 37% of hydrochloride acid 
(12.1 mL, 145 mmol) and the mixture was stirred and heated at 200 ^C for 30 min. 
Then water was removed by distillation at 220 oC to give a white solid of pyridinium 
hydrochloride. 3，5-di-tButyl-2-(2-3-methylpyridyl)anisole (74b) (3.5 g’ 11 mmol) 
was then added and the mixture was heated to 200 ^C for 12 h under N2. After 
<* 
cooling down to room temperature，water (40 mL) was added. The reaction mixture 
was neutralized with aqueous sodium hydroxide and was extracted to with CH2Cl2 
(50 m L X 3). The extracts were washed with brine and dried over MgSO4. After the 
solvent was removed, the residue was purified by flash chromatography with a 
solvent mixture of hexane/ethyl acetate (3 : 1) as the eluent to afford 3,5-di-tbutyl-2-
(2-3-methylpyridyl)phenol (75b) as colorless crystals (2.7 g, 83%). mp 162-164 ^C 
；••?'• 
( C H C l 3 ) ; R / = 0 . 2 1 (hexane/ethyl acetate = 3 : 1); l R N M R ( 2 5 0 M H z , C D C l 3 ) 8 l . l l 
(s, 9 H), 1.32 (s, 9 H), 2.14 (s, 3 H), 4.60 (brs, 1 H), 6.84 (s, 1 H), 7.16 (s, 1 H), 7.21-
7.26 (m, 1 H), 7.59 (d, 1 H, J = 7.5 Hz), 8.49 (d, 1 H, J = 4.1 Hz); 1 ¾ N M R (62.9 
^ MHz, CDCl3) 8 19.2, 31.3，32.0, 34.8, 37.0，110.9, 117.1，122.8, 123.3，134.8，137.7’ 
146.9, 148.1，152.0,152.6,157.8; FABMS: m/z (relative intensity) 297 (M+, 58), 282 
(100), 240 (16); IR (neat): 3057，2961, 2906，1607，1572 cm"! ; Anal. Calcd. for 
C20H27NO: C, 80.75; H, 9.16; N, 4.71. Found: C, 80.27; H, 9.26; N, 4.60. 
General demethylation procedure for methoxyphenols: Method C 207. The preparation 
of3,5-di-tbutyl-2-(2-isoquinolinyl)phenol (75c) was shown as a typical example. A 
10 m L round-bottom flask was charged with 3, 5-di-^utyl-2-(2-isoquinolinyl)anisole 
(74c) (260 mg, 0.75 mmol) and NaI (330 mg, 2.25 mmol), CH3CN (2.0 mL) was 
added to the mixture and the flask was flashed with N2, Me3SiCl (0.29 mL, 2.25 
mmol) was then added. The reaction mixture was refluxed for 96 h under N2. H2O 
(5.0 mL) was added to the mixture and it was extracted with diethyl ether (5.0 m L x 
3). The extracts were washed with aqueous Na2S2O3 and brine, dried over MgSO4. 
After the solvent was removed, the residue was purified by flash chromatography with 
a solvent mixture of hexane/ethyl acetate (3 : 1) as the eluent to afford 3，5-di-^utyl-
2-(2-isoquinolinyl)phenol (75c) as colorless crystals (217 mg, 87%). mp 122-124 ^ C 
(CHCl3); R / = 0.29 (hexane/ethyl acetate = 3 : 1); ^H NMR (250 MHz, CDCl3) 8 
1.00 (s, 9 H), 1.36 (s, 9 H), 6.87 (d, 1 H, J = 1.8 Hz), 7.25 (d, 1 H , 7 = 1.8 Hz), 7.49 (t, 
1 H, J = 6.6 Hz), 7.68 (m, 3 H), 7.86 (d, 1 H, J = 8.0 Hz), 8.59 (d, 1 H, J = 5.8 Hz); 
13c NMR (62.9 MHz, CDCl3) 8 31.3, 32.3, 34.8’ 37.0, 111.4，117.0，120.4, 122.3, 
126.7, 127.3, 127.6，129.8, 130.3, 136.0, 141.8，149.3, 152.3，153.5, 160.3; FABMS: 
m/z (relative intensity) 333 (M+，100 )，318 (44)，290 (36)，276 (24)，220 (30)，143 
(21); JR (neat): 3056, 2961’ 1607，1561 cm_l; Anal. Calcd. for C23H27NO: C, 82.83; 
H, 8.17; N, 4.20; Found: C, 82.49; H, 8.20; N, 4.20. 
3，4，5-Trimethylphenol (87).162 H N O 3 (15 mL, 15 mmol) was added to a solution 
of 1，2，3-trimethylbenzene (32 mL, 210 mmol) in acetic anhydride (100 mL) at 0 ^C. 
The reaction mixture was allowed to warm up to RT and stirred for 1 h, urea (12 g, 
200 mmol) in H 2 O (160 mL) was then added. The mixture was heated to 50 ^C and 
stirred for 2 h. The resulting brown oil was extracted with cyclohexane (30 m L x 3). 
The extracts were washed with aqueous NaHCO3. After removing of the solvent, the 
residue was saponificated with NaOH (8.0 g, 200 mmol) in aqueous methanol (v/v = 
1:1，100 mL). The reaction mixture was refluxed for 4 h followed by phase separation 
after it was cooling down. The aqueous layer was acidified with HC1 (10%) and was 
then extracted with diethyl ether (50 mL x 3). The combined organic extracts were 
washed with brine. After removing of solvents, the brown residue was steam distilled 
to a f fo rd a ye l low semisol id. Recrystal l ization f r o m hexane gave 3，4，5-
trimethylphenol (87) (3.9 g，12%) as fine colorless needles, mp 1 0 6 - 1 0 7 � C (Lit.l62 
108 oC); R / = 0.17 (hexane/CH2C/2 = 1 : 1); lH NMR (250 MHz, CDCl3) 8 2.09 (s, 
3 H), 2.23 (s, 6 H), 4.93 (s, 1 H), 6.52 (s, 2 H); MS (EI): mJz (relative intensity) 136 
gVI+, 43)，121 (100)，91 (11); IR (neat): 3318，2968，1599, 1476 cm'K 
2-Bromo-3 , 4，5-trimethylphenol (88 ) 2 0 8 3，4，5-trimethylphenol (87) (2.0 g, 15 
mmol) was dissolved in CHCl3 (100 mL) at room temperature, tetrabutylammonium 
t r i b r o m i d e l 6 3 (TBABr3, 7.1 g, 15 mmol) was added. The reaction mixture was stirred 
for 15 min at RT. The resulting solution was washed with aqueous Na2S2O3 (50 mL) 
and then with water till pH = 6-7. The solvent was removed off and the residue was 
redissolved in diethyl ether (100 mL), washed with water, dried over MgSO4. After 
y 
removing of the solvent, the residue was purified by column chromatography on silica 
gel with a solvent mixture of hexane/ethyl acetate (20 : 1) as the eluent to afford 2-
bromo-3, 4，5-trimethylphenol (88) (3.1 g, 97%) as light-yellow crystals, mp 122-124 
oc； R f = 0.41 (hexane/ethyl acetate = 2 0 : 1); lH NMR (250 MHz, CDCl3) 5 2.16 (s, 
3 H), 2.21(s, 3 H), 2.37 (s, 3 H ) � 5 . 4 1 ( s , 1 H), 6.73 (s, 1 H); MS (EI): m/z (relative 
intensity) 216 (80), 215 (M+，22)，214 (82)，201 (49)，199 (51)，135 (100)，91 (72); IR 
‘ ^ ‘ 
(neat): 3502, 2963, 2906，1608，1570 cm_l. 
2 -Bromo-3 , 4，5-trimethylanisole (89). A solution of sodium hydroxide (1.2 g, 28 
mmol) in water (30 mL) was added to 2-bromo-3,4’ 5-trimethylphenol (88) (3.0 g, 14 
mmol). After the mixture was cooled to 0 ^C, Me2SO4 (2.6 mL, 28 mmol) was then 
added dropwise within 1 h. The mixture was further heated to 70 ^C for another 3 h 
before cooling down to room temperature. The reaction mixture was extracted with 
CH2Cl2 (20 mL X 3). The extracts were washed with brine, dried over MgSO4. After 
removing o f t h e solvent, the residue was purified by column chromatography on silica 
gel with a solvent mixture of hexane/ethyl acetate (20 : 1) as the eluent to afford 2-
bromo-3, 4，5-trimethylanisole (89) (3.1 g, 96%) as light-yellow crystals, mp 77-79 
j : oC (hexane); R / = 0.20 (hexane); ^H NMR (250 MHz, CDCl3) 5 2.21 (s, 3 H), 2.26 (s, 
1 1 
3 H), 2.41 (s, 3 H)，3.85 (s, 3 H), 6.59 (s, 1 H); MS (EI): m/z (relative intensity) 229 
I gvi+, 100)，214 (35)，148 (19)，106 (40); IR (neat): 3000, 2935，2863，1588 c n r � 
I 
I 2，3，4-Trimethyl-6-methoxyphenylboronic acid (90). nButyllithium (1.6 M in 
:f hexane , 5.6 mL, 9 .0 mmol ) was added to a solution of 2-bromo-3 , 4，5-
I trimethylanisole (89) (2.1 g, 9.0 mmol) in THF (10 mL) at -78 ^C under nitrogen. The 
||
mixtu^e was stirred for 1 h and then transferred to a solution ofB(OMe)3 (1.7 mL, 15 
mmoL) in T H F (10 mL) at -78 ^C under nitrogen. It was allowed to warm up to room 
temperature and stirred overnight. The mixture was added with HC1 (10%, 10 mL) 
and stirred for 10 min. The organic layer was separated and the aqueous phase was 
extracted with diethyl ether (15 mL x 3). The combined organic phase was washed 
with brine, dried over MgSO4. Af te r removing of solvent, the residue was 
recrystallized f rom ether/hexane to afford 2, 3，4 - t r i m e t h y l - 6 - m e t h o x y p h e n y l b o r o n i c 
acid (90) (1.35 g, 77%) as a colorless crystal, mp 126-128 ^C; Rf= 0.36 (hexane/ethyl 
acetate = 1 : 1); lR NMR ( 250 MHz, CDCl3 ) 5 2.05 (s, 3 H), 2.13 (s，3 H), 2.24 (s, 3 
H), 2.59 (brs, 2 H), 3.70 (s, 3 H), 6.49 (s, l H); FABMS: m/z (relative intensity) 194 
(M+ 100), 179 (26), 135 (50), 117 (34)，91 (48); IR (neat): 3405，1604，1562 cm'K 
General procedure for the cross coupling of 2,3,4-trimethyl-6-methoxyphenylboronic acid ( 9 0 ) with py idylhal ides : The preparat ion of 3，4, 5-tr imethyl-2-(2-3-methylpy idyl)anis le (92 ) wa  shown as a typical example. A mixture of 2 romo_ 3-m thylpyridine (73b) (344 mg, 2.0 m m l ) and 5 mol% of Pd(P 3P)4 (116 mg, 0.1 ol ) in D M E (20 mL) wa tirred und r N2 for 20 min. 2, ， -Trimethyl,6t oxy henylbor nic acid (90) (388 mg, 2.0 m l) in D M E (2 mL) and 2 0equiv e ts of potass um hy roxide (160 g  4 i  H2O (2 L) were thenad d success v ly. The re ction mixture was deoxygenated by the f eeze-pump-thaw8 
I method (three times, -196 ^C to 25 ^C) and was then refluxed for 24 h under N2 until 
« no starting material was left as monitored by TLC. After cooling down to room 
'f 
•：• temperature, the mixture was filtered and the precipitate was washed with CH2Cl2. 
:為 
.:.,::K 
The fil trates were concentrated by rotary evaporation to give a brown oil. It was 
redissolved in CH2Cl2 (50 mL) and washed with water and brine, dried over MgSO4. 
Concentration using a rotary evaporator and chromatography on silica gel using a 
solvent mixture of hexane/ethyl acetate (6 : 1) as the eluent afforded 3, 4，5-trimethyl-
2-(2-3-methylpyridyl)anisole (92a) (427 mg, 89%) as colorless crystals, mp 120-121 
o c (hexane/CH2Cl2); R / = 0.30 (hexane/ethyl acetate = 4 : 1); ^H N M R (250 MHz, 
CDCl3) 5 1.84 (s, 3 H), 2.03 (s, 3 H), 2.13 (s, 3 H), 2.32 (s, 3 H)，3.64 (s, 3 H), 6.63 
^ (s, 1 H), 7.13 (dd, 1 H, Jj = 4.8 Hz, h = 7.5 Hz), 7.53 (d, 1 H, / = 7.3 Hz), 8.50 (d, 1 
H, J = 4.7 Hz); 13c N M R (62.9 MHz, CDCl3) 8 14.9, 16.6，18.6，21.1, 56.6, 110.5， 
121.7, 127.2, 127.4, 132.8, 135.3, 136.6，136.9, 146.7，154.2, 157.9; FABMS: m/z 
(relative intensity) 241 (M+，85 )，226 (100)，211 (80), 168 (22), 106 (21); IR (neat): 
2937, 1600，1580 cm_l ; H R M S (matrix, NBA) calcd for Ci6H19NO H + 242.1539， 
found242.1532. 
3, 4，5 -Trimethyl-2-(2.3-trifluoromethylpyridyl)anisole (92b). The procedure was 
carried out as described for that of 92a except that 2-bromo-3-trifluoromethylpyridine 
(91) was used. The reaction took a period of reflux for 16 h. After usual work up to 
afford compound 3, 4，5-trimethyl-2-(2-3-trifluromethylpyridyl)anisole (92b) as a 
colorless crystals in 73% of yield, mp 113-114 ^C (hexane/CH2Cl2); R / = 0.41 
� (hexane/ethyl acetate = 3 : 1)； ^H NMR (250 MHz, CDCl3) 5 1.76 (s, 3 H), 2.06 (s, 3 
: H), 2.26 (s, 3 H), 3.56 (s, 3 H), 6.56 (s, 1 H)，7.32 (m, 1 H)，7.98 (dd, 1 H，Jj = 1.2 
^ Hz, 72 = 7.5 Hz), 8.79 (dd, 1 H，Ji = 1.7 Hz, h = 5.5 Hz); l 3 c N M R (62.9 MHz, 
; CDCl3) 8 14.9, 17.2，21.3，55.5, 110.3，117.0, 121.4，125.5，125.6’ 126.2，126.7， 
I 130.1, 134.0, 134.1, 135.5, 137.6, 152.2，154.6, 157.2; MS (EI): m/z (relative 




IAnal. Calcd. forCi6H19F3NO: C, 65.06; H, 5.46; N, 4.74; Found: C, 65.08; H, 5.58; 
: N, 4.73. 
«,• 
I 3，4 , 5 - T r i m e t h y l - 2 - ( 2 - 3 - m e t h y l p y r i d y l ) p h e n o l (93a). Method B of general ；：' 
% 
I demethylation procedure for methoxyphenols was used for 3，4，5-trimethyl-2-(2-3-
4 
I methylpyridyl)anisole (92a). The reaction was finished in 3 h and after usual work up 
i afforded 3，4，5-trimethyl-2-(2-3-methylpyridyl)phenol (93a) as colorless crystals in 
90 % yield, mp 186-187 o c (CHCl3); R / = 0.27 (hexane/ethyl acetate = 1 ： 1); ^ 
N M R (250 MHz, CDCl3) 8 1.91 (s, 3 H), 2.12 (s, 3 H), 2.13 (s, 3 H), 2.25 (s, 3 H), 
6.58 (s, 1 H), 7.18 (dd, 1 H, / 7 = 4.9 Hz, h = 7.7 Hz), 7.62 (dd, 1 H, 7/ = 1.7 Hz, J2 = 
^ 7.6 Hz), 8.40 (dd, 1 H, J i = 1.3 Hz, J2 = 4.8 Hz); 1 ¾ N M R (62.9 MHz, CDCl3) 5 
Wr 
I 15.0, 17.1，18.7，20.7, 116.1, 122.2, 124.9，126.8，133.9, 134.5, 137.3, 138.3，146.4， 
^ 151.0, 157.0; FABMS: mJi (relative intensity) 227 (M+，58)，212 (100)，197 (20); IR 
r 
, (neat): 3062, 2921，1606，1587 cm_l; Anal. Calcd. forCi6H19NO: C, 79.25; H，7.54; 
广. 
N, 6.17. Found: C, 78.90; H, 7.58; N, 6.17. 
3，4, 5-Trimethyl-2-(2-3-trifluoromethylpyridyl)phenol (93b). Method B ofgeneral 
d e m e t h y l a t i o n p r o c e d u r e f o r m e t h o x y p h e n o l s . 3, 4，5 - t r i m e t h y l - 2 - ( 2 - 3 -
� trifluoromethylpyridyl)anisole (92b) reacted completely in 2 h and after usual work 
� up afforded 3, 4，5-trimethyl-2-(2-3-trifluoromethylpyridyl)phenol (93b) as colorless 
I crystals in 85% yield, mp 183-185 ^C (CHCI3)； R / = 0.21 (hexane/ethyl acetate = 2 : 
' 1)； lH N M R (250 MHz, CDCl3) 8 1.81 (s, 3 H), 2.10 (s, 3 H), 2.17(s, 3 H), 6.17 (s, 1 
I H), 6.31 (s, 1 H)，7.40 (m，1 H), 8.08 (dd, 1 H, J�=1.7 Hz, J2 = 8.0 Hz), 8.79 (dd, 1 
f H, j j : 1.0 Hz, J2 = 4.6 Hz); 13C N M R (62.9 MHz, CDCl3) 8 14.9, 17.4, 20.7，115.1， 
丨 121.1，122.0, 123.9, 125.5, 126.3, 126.8, 127.1，127.3, 134.7，135.3, 138.0，150.6’ 
I 152.3，156.7； M S (EI): m/z (relative intensity) 281 (M+，16), 212 (100); IR (neat): . 
1 3080, 2927, 1606，1578 c m ] ; Anal. Calcd. for C15H14F3NO: C, 64.03; H’ 5.02 N, 4.98. Found: C, 63.70; H, 4.98; N, 4.96. 90 
l -Bromo-2-methoxynaphthalene (94)209 i-Bromo-2-naphthol (22.3 g，0.10 mol) 
was added to a solution of sodium hydroxide (4.0 g, 0.10 mol) in H2O (60 mL) and 
the reaction mixture was cooled down to 0 ^C. Dimethyl sulfate (9.5 mL, 0.10 mol) 
was added over a period of one hour by a dropping funnel. The reaction mixture was 
stirred for 1 h at 0 oC and then heated at 70-80 oC for 1 h. The mixture was allowed to 
cool down to room temperature and the white precipitate was filtered. The precipitate 
was washed with NaOH (10%, 50 mL) and water (50 mL x 2). The crude product 
was recrystallized f rom 95% ethanol to afford the 1 -bromo-2-methoxynaphthalene 
(94) (19.9 g, 84 %) as colorless plate crystals, mp 83-85 ^C ( L i t . 2 0 9 82-84 ^C); R / = 
0.48 (hexane/ethyl acetate = 10 : 1); lH NMR (250 MHz, CDCl3) 5 4.04 (s, 3 H), 7.28 
(d, 1 H, J = 9.0 Hz), 7.40 (t, 1 H, J = 8.0 Hz), 7.57 (t, lH, J = 8.0 H z ) , 7.81 (t, 2 H, J 
r 
= 9 . 0 Hz), 8.23 (d, 1 H, J = 9.0 Hz); MS (EI): m/z (relative intensity) 238 (M++1,96)， 
236 (100)，195 (41)，193 (42) 
^v 
2 - M e t h o x y - l - n a p h t h y l b o r o n i c a c i d (95) 203 A solution of l -bromo-2-
methoxynaphthalene (94) (8.0 g, 34 mmol) in THF (20 mL) was added slowly via 
cannula to the magnesium (0.84 g, 35 mmol) in THF (10 mL). The reaction mixture 
was then refluxed for 4 h under N2 to give a black suspension. The Grignard reagent 
was added via a cannula to a solution of trimethyl borate (11 mL, 100 mmol) in THF 
(10 mL) at -78 ^C. The reaction mixture was allowed to warm up to room temperature 
and then stirred overnight. Water (15 mL) was added and stirred to give a clear 
solution with a grey precipitate. THF was removed in vacuo, water (40 mL) was then 
added and the mixture was extracted with diethyl ether (40 mL x 3). The combined 
organic extracts were washed with brine, dried over MgSO4. After filtration, the 
‘ solvent was removed in vacuo to give a brown solid which was recrystallized from 
CH2Cl2 to afford 2-methoxy-l-naphthylboronic acid (95) (3.53 g, 52 %) as a white 
solid, mp 121-123 oC (Lit.203 1 n _ i 19 oQ； iR NMR (250 MHz, CDCl3) 5 4.04 (s, 3 
H), 6.18 (brs, 2 H), 7.25 (d, 1 H, J = 9.0 Hz), 7.37 (t，1 H，J = 8.0 Hz), 7.51 (t, 1 H, J 




Hz); MS (EI): m/z (relative intensity) 202 (M+, 100)，201 (24), 184 (11)，159 (22), 
E 115(21). 
t：‘ 
General procedure for the cross coupling of 2-Methoxy-1 -naphthylboronic acid (95) 
with pyridylhalides: l-(2-Methoxy-l-naphthyl)isoquinoline (96c) was shown as a 
i typical example. 1-Chloroisoquinoline (73c) (1.0 g, 6.0 mmol) was added to a 
solution of tetrakis (triphenylphosphine) palladium (210 mg, 0.18 mmol) in D M E (10 
mL). The mixture was stirred for 10 minutes under N2 to give a yellowish green 
solution. 2-Methoxy-1 -naphthylboronic acid (1.2 g, 6.0 mmol) dissolved in the 
^ minimum amount of ethanol was added to give a yellow solution. Sodium carbonate 
solution (2M, 6.0 mL, 12 mmol) was added. The reaction mixture was degassed by 
the freeze-pump-thaw method (three times, -196 ^C to 25 o Q and was then refluxed 
for 16 h. The solution was allowed to cool down to room temperature and the solid 
was filtered off. The solid was washed with CH2Cl2 until it was white. The filtrate 
j was rotary-evaporated to give a brown oil. The oil was redissolved in CH2Cl2 (10 
mL), washed with saturated brine (5.0 mL x 2), dried over MgSO4. After removing of 
the solvent, the residue was purified by column chromatography on silica gel with a 
solvent mixture of hexane/EtOAc (3 : 2) as the eluent to afford 1.26 g of l-(2_ 
methoxy-1-naphthyl) isoquinoline (96c) as a colorless needles in 74 % yield, mp 130-
132 0 C (Lit.203 1 3 0 - 1 3 3 � C ) ; R / = 0.40 (hexane/ethyl acetate = 3 : 2); ^H N M R (250 
MHz，CDCl3) 8 3.76 (s, 3 H), 7.01 (d, 1 H, J = 8.4 Hz), 7.22-7.36 (m, 3 H), 7.40 (d, 1 
5 H, 7 = 7.1 Hz), 7.56 (d, 1 H , 7 = 8 . 5 Hz), 7.66-7.83 (m, 4 H), 7.90 (d, 1 H, / = 8 . 3 Hz), 
8.68 (d, 1 H, J = 5.6 Hz); M S (EI): m/z (relative intensity) 263 (M+-15), 229 (100)， 
:.'k^ 
179 (48), 150 (28). 
I 2-(2-Methoxy.l-naphthyl)-3.methylpyridine (96a). The procedure was carried out 
as described for that for 96c except that 2-bromo-3-methylpyridine (73b) was used. 
The reaction was completed in 14 h and after usual work up afforded 2-(2-methoxy-l _ 
naphthyl)-3-methylpyridine (96a) as colorless crystals in 83% yield, mp 132-134 ^C 
\ 
(hexane/CHCb)； R / = 0 .30 (hexane/ethyl acetate = 2 : 1); ^H N M R (250 MHz, 
CDCl3) 5 2.03 (s, 3 H), 3.82 (s, 3 H), 7.13 (m, 1 H), 7.22-7.36 (m，4 H), 7.63 (d, 1 H， 
J = 7.7 Hz), 7.81 (dd, 1 H, Ji = 3.3 Hz, J2 = 6.3 Hz), 7.90 (d, 1 H, J = 9.1 Hz), 8.61 
(dd, 1 H, Ji = 1.0 Hz, ]2 = 4.7 Hz); l 3 c N M R (62.9 MHz, CDCl3) 8 18.6，56.4,113.3, 
122.3, 123.1, 123.5, 124.2, 126.6, 127.9，129.0, 129.8，132.9，133.7，137.4, 147.0， 
153.7, 155.8; M S (EI): m/z (relative intensity) 249 (M+, 78)，248 (100)，234 (60)，204 
(24); JR (neat): 2925, 1618’ 1506 cm_l. 
2 - (2 -Methoxy- l -naph thy l ) -3 - t r i f l uo rome thy lpy r id ine (96b). The procedure was 
carried out as described for that for 96c except that 2-chloro-3-trifluoromethylpyridine 
(91) was used. The reaction was completed in 23 h. Af ter usual work up, 2-(2-
methoxy-l-naphthyl)-3-tr ifIuoromethylpyridine (96b) was obta ined as co lor less 
crystals in 97% yield, mp 1 2 6 - 1 2 9 � C (hexane/CHCl3); R / = 0.34 (hexane/ethyl 
acetate = 3 : 1); !H N M R (250 MHz, CDCl3) 8 3.79 (s，3 H), 6.99 (m 1 H), 7.30 (m, 
3 H), 7.41 (m, 1 H), 7.80 (m, 1 H), 7.93 (d, 1 H, J = 9.1 Hz), 8.10 (dd, 1 H, / / = 1.6 
Hz, / 2 = 8.0 Hz), 8.91 (m, 1 H); l 3 c N M R (62.9 MHz, CDCl3) 8 56.1, 112.9, 119.0, 
122.8, 123.1, 123.9, 126.5, 128.3，128.7, 130.3, 131.9，146.4，157.0; M S (EI): m/z 
(relative intensity) 303 (M+，100), 234 (54); IR (neat): 2959, 1623, 1591 cm_l; HRMS 
(matrix, NBA) calcd forC17H12F3NO.H+ 304.0944，found 304.0936. 
2-(2-Hydroxy-l-naphthyl)-3-methylpyridine (97a). Method A of general 
demethylation procedure for methoxyphenols and with the use of 2-(2-methoxy-l_ 
naphthyl)-3-methylpyridine (96a), the reaction was completed in 16 h and after work 
up, afforded 2-(2-hydroxy-l-naphthyl)-3-methylpyridine (97a) as colorless crystals in 
94% yield, mp 244-247 ^C (CHCl3); R / = 0.17 (hexane/ethyl acetate = 2 : 1); ^H 
N M R (250 MHz, CDCl3) 5 2.07 (s, 3 H), 4.05 (brs, 1 H), 7.06 (m, 1 H), 7.13 (d, 1 H， 
J = 8.9 Hz), 7.27-7.34 (m, 3 H), 7.71-7.80 (m, 3 H), 8.51 (dd, 1 H, J j = 1.6 H z , � 2 = 
5.0 Hz), l 3 c N M R (62.9 MHz, CDCl3) 5 19.47, 118.1，119.0, 122.8, 123.1, 123.9, 
126.5, 128.3, 128.7, 130.3, 131.9, 146.4, 157.0; FABMS: mJz (relative intensity) 235 
OM+, 80)，234 (100)，220 (32); IR (neat): 3057, 2907, 1623, 1588 cm_l; Anal. Calcd. 
forCi6H13NO: C, 81.68; H, 5.57; N, 5.95. Found: C, 81.40; H, 5.85; N, 5.80. 
2- (2-Hydroxy- l -naphthyl) -3- t r i f luoromethyIpyr id ine (97b). Method B of general 
demethylation procedure for methoxyphenols and with the use of 2-(2-methoxy-l-
naphthyl)-3-trifluoromethylpyridine (96b)，the reaction was completed in 2 h and after 
work up, afforded 2-(2-hydroxy-1 -naphthyl)-3-trifIuoromethylpyridine (97b) as a 
colorless solid in 82% yield, mp 190-191 ^C (CHCI3)； R / = 0.20 (hexane/ethyl acetate 
= 3 : 1); lR NMR (250 MHz, CDCl3) 5 6.55 (d, 1 H, J = 8.9 Hz), 6.92 (m, 1 H), 7.28-
7.35 (m，2 H), 7.38-7.42 (m, 2 H), 7.52 (m, 1 H), 7.75 (m, 1 H)，8.18 (dd, 1 H, Ji = 
1.6 H z , J 2 = 8 .0 Hz) , 8 .89 (dd, 1 H，7y = 1.0 Hz , J 2 = 4 .8 Hz) ; l ^C N M R (62 .9 M H z , 
r • 
CDCl3) 5 118.1, 118.6，121.0, 122.6, 123.4，124.0, 125.3, 126.7, 128.0，128.7，130.7， 
133.4, 135.4, 151.3, 152.6, 154.6; MS (EI): m/z (relative intensity) 289 (M+，19)，268 
, (18)，220 (100); IR (neat): 3062, 1612, 1591, 1513 cm_l; HRMS (matrix, NBA) calcd 
forCi6H10F3NO H + 290.0787, found 290.0784. 
l-(2-Hydroxy-l-naphthyl)isoquinoline (97c). Method A of general demethylation 
procedure for methoxyphenols and with the use of 1 -(2-methoxy-1 -naphthyl) 
isoquinoline (96c)，the reaction was completed in 16 h and after work up afforded 1-
(2-hydroxy-1 -naphthyl) isoquinoline (97c) as colorless crystals in 85% yield, mp 243-
245 o c 0Jt.2O3 244-245 o Q ; ^H NMR (250 MHz, CDCl3) 5 7.11 (d, 1 H, 7 = 8 . 2 Hz), 
7.19-7.37 (m, 3 H), 7.41 (d, 1 H, 7 = 7.1 Hz), 7.59 (d, 1 H, 7 = 8 . 8 Hz), 7.68-7.85 (m, 
4 H)，7.93 (d, 1 H, J = 8.3 Hz), 8.62 (d, 1 H, J = 5.7 Hz); 1 ½ NMR (62.9 MHz, 
CDCl3) 8 118.2, 119.1，122.8, 123.1, 123.9, 126.6, 128.3, 128.8，130.4，132.0, 134.8， 
‘ 139.6, 146.4, 152.5, 154.8; FABMS: mh (relative intensity) 271 (M+, 15), 270 (22), 
84 (68). 
[2.(3-Methyl-2-pyridyl)-3,5-di-tert-butylphenoxy]diphenylphosphine (98) ^ u L i 
(1.6 M in hexane, 0.82 mL, 1.3 mmol) was added to a solution of 2-(3-methyl-2-
pyridyl)-3,5-di-tert-butylphenol (75b) (390 mg, 1.3 mmol) in dry THF (6.0 mL) at -78 
oC under N2 and stirred for 1 h. It was then transferred dropwise to a solution of 
diphenylphosphine chloride (0.23 mL, 1.3 mmol) in THF (5.0 mL) at -78 oC under N2 
by a cannula. The reaction mixture was allowed to warm up to 0 ^C and stirred for 4 
h. Saturated NH4Cl (10 mL) was added to the reaction mixture and the organic layer 
was separated. The aqueous phase was extracted with diethyl ether (10 mL x 2). The 
combined organic phase was washed with saturated brine (10 mL x 2), dried over 
MgSO4. After the solvent was removed, the residue was purified by column 
chromatography on silica gel with a mixture of hexane/ether/CH2Cl2 (1 : 1 : 2) as the 
eluent to afford [2-(3-methyl-2-pyridyl)-3,5-di-tert-butylphenoxy]diphenylphosphine 
(98) (396 mg, 63%) as a white solid, mp 138-140�C; Rf= 0.35 (hexane/ether/CH2Cl2 
= 1 ： 1 ： 2); lH NMR (250 MHz, CDCl3) 8 1.13 (s, 9 H), 1.16 (s, 9 H), 2.09 (s, 3 H), 
7.12-7.29 (m, 6 H), 7.35-7.50 (m, 6 H), 7.67-7.76 (m, 2 H), 8.61 (dd, lH, Jj = 1.5 Hz, 
/ 2 = 5.0 Hz); 13c NMR (62.9 MHz, CDCl3) 8 19.5, 31.1, 31.9, 34.8, 37.2, 114.2, 
#^ 
114.3, 120.0, 122.2, 128.0, 128.2, 128.3，128.5, 131.0, 131.2，131.8，132.0, 134.8, 
137.1, 146.0,148.8,149.1, 151.5,158.7; 3lp NMR (202 MHz, H3PO4) 8 28.0 (s); MS 
(EI): m/z (relative intensity) 481 (M+, 35)，480 (100), 200 (79)，105 (73); IR (neat): 
2961, 1604，1550cm-l. 
2-(3-Methyl-2-pyridyl)-3，5-di-tert-butylphenyl-N，N-dimethylthiocarbamate(99). 
NaH (60% mineral oil dispersion, 0.12 mg, 5.0 mmol) was added to a stirred solution 
of 2-(3-methyl-2-pyridyl)-3,5-di-tert-butylphenol (75b ) (1.49 g, 5.0 mmol) in dry 
DMF (15 mL) at 0 ^C under N2. The reaction mixture was stirred for 2 h to give a 
pale yellow mixture. N, N-Dimethylthiocarbamoyl chloride (0.62 g, 5.0 mmol) was 
then added to the resulting mixture and the solution was heated at 85 ^C for 1 h. After 
the reaction mixture was cooled down to room temperature, it was poured into 
aqueous KOH (1%, 50 mL). The precipitate was filtered, washed with water (25 mL x 
3), and dissolved in CH2Cl2 (30 mL). The CH2Cl2 solution was dried over Na2SO4 
and evaporated to give a yellow solid which was recrystallized from CH2Cl2/hexane 
C' 
to afford 2-(3-methyl-2-pyridyl)-3,5-di-tert-butylphenyl-N,N-dimethylthiocarbamate 
(99) (1.70 g, 88%) as colorless crystals, mp 124-125 oC; Rf= 0.26 (hexane/ethyl 
acetate = 3 : 1); lH N M R (250 MHz, CDCl3) 8 1.15 (s, 9 H), 1.35 (s, 9 H), 2.19 (s, 3 
H), 2.61 (s, 3 H), 3.25 (s, 3 H), 7.15 (dd, 1 H, 7 / = 4.8 Hz, J2 = 7.7 Hz), 7.21 (d，1 H, 
J= 1.9 Hz), 7.46 (d, 1 H, J = 1.9 Hz), 7.50 (d, 1 H , 7 = 7.7 Hz), 8.46 (dd, 1 H, J j = 1.3 
Hz, J2 = 4.8 Hz); l 3 c N M R (62.9 MHz, CDCl3) 8 20.3, 31.2, 32.0, 34.9, 37.2, 37.6， 
42.8, 119.5, 121.7，122.0, 128.9, 134.3, 137.0, 145.7, 148.0，150.4, 151.2，158.2, 
186.4; MS (EI): m h (relative intensity) 384 (M+，19)，324 (40)，312 (99)，88 (100); IR 
(neat): 2961, 1606，1526 cm_l; Anal. Calcd. for C23H32N2OS: C, 71.83; H, 8.39; N, 
7.29. Found: C, 71.89; H, 8.49; N, 7.29. 
r 
2-(3-Methyl-2-pyridyl)-3,5-di-tert-butylphenyl-S-N,N-dimethylcarbamate (100) 
2-(3-methyl-2-pyridyl)-3,5-di-tert-butylphenyl-N,N-dimethylthiocarbamate (99) (400 
，、 mg, 1.04 mmol) was placed in a Pyrex tube (150 x 15 mm) and it was then flushed 
'&•• 
with N2. The tube was immersed into a hot oil bath at 265 o c under N2 for 3 h. After 
being cooled down to room temperature, the brown solid was dissolved in a minimum 
amount of CH2Cl2 and directly loaded on a silica gel column and eluted with a solvent 
mixture of hexane/e ther (1 : 1) to a f ford 2-(3-methyl-2-pyridyl)-3, 5-di- ter t -
butylphenyl-S-N, N-dimethylcarbamate (100) (290 mg, 73 %) as a white solid, mp 
136-138 oC; R / = 0.14 (hexane/ether = 1 : 1); ^H NMR (250 MHz, CDCl3) 8 1.12 (s, 
" ^ ' . 
9 H), 1.36 (s, 9 H), 2.02 (s, 3 H), 2.86 (brs, 6 H), 7.16 (m, 1 H)，7.46 (d, 1 H, J=8.0 
Hz), 7.49 (d, 1 H, J = 2.0 Hz), 7.64 (d, J = 2.0 Hz), 8.43 (d，1 H, / = 4.8 Hz); l ^ c 
N M R (62.9 MHz, CDCl3) 8 19.4, 31.2, 31.9, 34.7，36.8，36.9，37.0, 122.1, 125.9, 
广 128.8, 132.7，134.1，136.6, 139.5, 145.3，147.3，150.2，160.6，166.6; M S (EI): m/z 
(relative intensity) 384 (M+，7)，383 (22), 323 (46)，312 (43)，311 (100)，295 (45); IR 
(neat): 2961，1667 cm_l; Anal. Calcd. for C23H32N2OS: C, 71.83; H, 8.39; N, 7.29. 
Found: C , 7 2 . 1 0 ; H , 8 .40 ;N,7 .21 . 
2-(3-Methyl-2-pyridyl)-3,5-di-tert-butylthiophenol (101). 2-(3-Methyl-2-pyridyl)-
3, 5-di-tert-butylphenyl-S-N, N-dimethylcarbamate (100) (300 mg, 0.78 mmol) was 
dissolved in methanoLTHF (v/v 1:1，3 mL), solid potassium hydroxide (196 mg, 3.5 
mmol) was added. The reaction mixture was refluxed under N2 for 3 h. It was then 
allowed to cool down to room temperature. Degassed cooled water (10 mL) was 
added. The resulting solution was neutralized with dilute H2SO4 (10%) to pH = 6-7, 
it was then extracted with diethyl ether (10 mL x 3). The combined extracts were 
washed with brine, dried over MgSO4. After filtration, the solvent was removed and 
the residue was purified by column chromatography on silica gel with a solvent 
mixture of hexane/CH2Cl2 as the eluent to afford 160 mg of 2-(3-methyl-2-pyridyl)-
3,5-di-tert-butylthiophenol ( 1 0 1 ) as a semisolid in 65 % yield. R / = 0.40 
(hexane/CH2Cl2 = 3 : 1). lH NMR (250 MHz, CDCl3) 5 1.11 (s, 9 H), 1.32 (s，9 H), 
2.13 (s, 3 H), 2.88 (s, 1 H)，7.20-7.25 (m, 2 H), 7.41 (d, 1 H, J = 1.9 Hz), 7.55 (d, 1 
,^ H, J = 7.7 Hz), 8.54 (dd, 1 H, J j = 1.2 Hz，J2 = 4.7 Hz); 1 ½ NMR (62.9 MHz, 
CDCl3) 5 19.2, 31.2, 31.9, 34.7，37.1, 122.6, 122.7，125.1, 131.3，133.9’ 135.0，137.5， 
146.6，148.0，150.6,160.6; IR (neat): 3416，2945, 2882, 1609, 1518 cm"l. 
(S)-(+)-Camphorsulfonic chloride (103).l66a (5)-(+)-Camphorsulfonic acid (2.5 g, 
10 mmol) and phosphorus pentachloride (2.1 g, 10 mmol) was mixed at 0 ^C under 
N2 in a two-neck round-bottom fIask which was equipped with a hydrogen chloride 
adsorption trap. When the mixture was liquefied, it was stirred for 5 min and then the 
ice bath was removed. The mixture was stood for 4 h at room temperature under N2. It 
was poured into 10 g of crushed ice in a 50 mL beaker. The mixture was immediately 
poured into a second beaker containing the same quantity of crushed ice. Then it was 
; filtered and dried in vacuo at 40 ^C to afford (5)-(+)-camphorsulfonic chloride as a 
fine white solid (1.7 g, 68 %). mp 66-68 oC ( L i t . l 6 6 a 67-68 oC). ^H NMR (250 MHz, 
CDCl3) 5 0.89 (s, 3 H), 1.11 (s, 3 H). 1.47 (m, 1 H), 1.76 (m, 1 H), 1.96 (d, 1 H，J = 
18.6 Hz), 2.05 (m, 1 H), 2.14 (m, 1 H), 2.46 (m, 1 H)，3.70 (d, 1 H，J = 14.7 Hz), 4.27 
( d , l H , / = 1 4 . 7 Hz). 
General procedure for camphorsulfonation of pyridylphenols: 3 ,5-di-^utyl-2-(2-3-
methylpyr idy l )phenyl camphorsu l fona te (104) was shown as a typical example. 
Pyridylphenol (±)-75b (0.95 g, 3.2 mmol) and (5)-(+)-camphorsulfonic chloride (1.8 
g, 6.4 mmol) were dissolved in CCl4 (2.0 mL), pyridine (0.5 mL, 6.4 mmol) was then 
added. The reaction mixture was stood for 24 h at room temperature under N2 and 
H2O (10 mL) was then added. The resulting solution was extracted with diethyl ether 
(10 m L X 3). The extracts were washed with water and brine, dried over MgSO4. 
After removal of the solvent, the residue was purified by column chromatography on 
silica gel with the hexane/ethyl acetate (2 : 1) as the eluent to afford a pair of 
diastereoisomers of 3,5-di-tbutyl-2-(2-3-methylpyridyl)phenyl camphorsulfonate 
r 
(104) as a colorless solid (1.70 g, 98 %). mp 124-126 oC; R / = 0 . 4 5 (hexane/ethyl 
acetate = 2 : 1). The diastereoisomers 104 were subjected to chromatographic 
separation on silica gel column with the CHC13 as the eluent to afford (S)-(Ry 104 and 
(5)-(5>104. 
(5H/^)-3,5-Di-tbutyl-2-(2-3-methylpyridyl)phenyl camphorsulfonate (5)-(/^)-104. 
mp 118-120 oC (CHCl3); R / = 0.45 (hexane/ethyl acetate = 2 : l ) ; [ a ] f = + 16.9 (c = 
1.0，CHCl3); lH NMR (250 MHz, CDCl3) 5 0.75 (s, 3 H), 0.99 (s, 3 H), 1.14 (s, 9 H), 
1.26 (m, 1 H) , 1.36 (s, 9 H) , 1.58 (m, 1 H) , 1.87 (d, 1 H， J = 18.4 Hz) , 2 .03 (m, 2 H) , 
� 2.15 (s, 3 H), 2.22 (m, 2 H), 2.49 (d，1 H, J = 14.9 Hz), 2.93 (d, 1 H, J = 14.9 Hz), 
7.21 (m, 1 H)，7.32 (d, 1 H, J= 1.8 Hz), 7.53 (d, 1 H，J = 1.8 Hz), 7.56 (d, 1 H, J = 6.9 
Hz), 8.48 (dd, 1 H, Ji = 1.2 Hz, J2 = 4.5 Hz); l ^ c NMR (62.9 MHz, CDCI3)： 5 19.4, 
19.6，19.8，25.0, 26.9, 31.2, 32.0, 35.1, 37.4, 42.4, 42.9, 47.8，48.3, 57.9’ 117.1，122.8, 
123.0, 129.1，134.5, 137.3, 145.9, 147.9, 149.4, 151.9, 157.4, 194.3; FABMS: m/z 
(relative intensity) 511 (M+，12)，496(100)，297 (75)，282 (100); Anal. Calcd. for 
C30H41NO4S: C, 70.41; H, 8.08; N, 2.74. Found: C, 70.46; H, 8.12; N, 2.71. 
(SHS)-3,5-Di-tbutyl-2-(2-3-methylpyridyl)phenyl camphorsulfonate (S)-(S)-104. 
mp 126-128 oC (CHCI3)； R / = 0.45 (hexane/ethyl acetate = 2 : 1)； [ a f ^ = + 21.5 (c = 
1.0, CHCl3); lH NMR (250 MHz, CDCl3) 5 0.80 (s, 3 H), 1.02 (s, 3 H), 1.13 (s, 9 
H), 1.27-1.34 (m, 1 H), 1.37 (s, 9 H), 1.45 (m, 1 H), 1.87(d, 1 H, J = 18.5 Hz), 1.96-
2.06 (m, 2 H), 2.13 (s, 3 H), 2.20-2.39 (m, 2 H), 2.49 (d, 1 H, J = 15.0 Hz), 3.23 (d, 1 
H, J = 15.0 Hz), 7.21 (m, 1 H), 7.39 (d, 1 H, J = 1.6 Hz), 7.53 (d, 1 H, J= 1.6 Hz), 
7.56 (s, 1 H)，8.50 (dd, 1 H, J j = 1.3 Hz, J2 = 4.7 H z ) ; ^ ¾ NMR (62.9 MHz, CDCl3): 
5 19.4，19.6，19.9, 25.2, 26.8, 31.2, 32.0，35.1, 37.3，42.4, 43.0, 47.6, 48.3, 58.0， 
116.5,122.6,122.9, 129.0，134.2,137.1,146.0,148.0，149.4，152.0,157.3,194.4. 
rf. 
3, 4, 5-Trimethyl-2-(2-3-methylpyridyl)phenyl camphorsulfonate (105). The 
procedure was carried out as described for that for 104 except that (±)-93a was used. 
The reaction was f inished after the reaction mixture was stood for 48 h. After usual 
work up, a pair of diastereoisomers 3, 4，5-trimethyl-2-(2-3-methylpyridyl)phenyl 
camphorsul fonate (105) was obtained as a colorless solid in 84% yield. The 
diastereoisomers 105 were separated by column chromatography on silica gel with the 
CHCl3 as eluent to afford (5)-(/^>105 and (5)-(5)-105. 
( S ) - W - 3 , 4，5-Trimethyl-2-(2-3-methylpyridyl)phenyl c a m p h o r s u l f o n a t e {S)-{R)' 
r i20 
105. m p 141-143 o c (CHCI3)； R / = 0 . 1 9 (hexane/ethyl acetate = 1 ： 1); l^JD = + 
19.2 (c = 0.55, CHCl3); l H N M R (250 MHz，CDCl3) 5 0.76 (s, 3 H), 1.01 (s, 3 H), 
1 .34-1.50(m, 2 H), 1.53-1.59 (m, 1 H), 1.87 (d, 1 H , 7 = 18.7 Hz), 1.94 (s, 3 H), 2.03 
(m, 2 H), 2.12 (s, 3 H), 2.21 (s, 3 H), 2.28 (m, 1 H), 2.36 (s，3 H), 2.65 (d，1 H, J = 
14.9 Hz), 2.93 (d, 1 H, J = 14.9 Hz)，7.15 (s, 1 H), 7.23 (m, 1 H), 7.63 (d，1 H, J = 7.8 
-.¾' 
Hz), 8.51 (d, 1 H，y= 3.7 Hz); 1 ¾ NMR (62.9 MHz, CDCI3)： 8 15.5,16.9,18.5, 19.5, 
19.7, 20.7, 24.9, 26.8，42.3, 42.9, 47.6，48.2, 57.9’ 121.4，122.6, 130.7，133.5, 134.3， 
136.1，137.6，137.7, 144.6, 146.8’ 155.9, 194.2; M S (EI): m/z (relative intensity) 441 
言 (M+, 3)，426 (13)，227 (100), 212 (91); Anal. Calcd for C25H31NO4S: C, 68.00; H, 
^ 7.08; N, 3.17. Found: C, 67.79; H, 7.00; N，3.16. 
(SHSy3, 4，5 -Trimethyl-2-(2-3-methylpyridyl)phenyl camphorsulfonate (5)-(S)-
105. mp = 136-139 ^C (CHCl3); R / = 0.45 (hexane/ethyl acetate = 1 ： D； [ccf^ = + 
31.9 (c = 0.55, CHCl3); lH N M R (250 MHz, CDCl3) 5 0.80 (s, 3 H), 1.01 (s, 3 H), 
1.25-1.45 (m, 3 H), 1.87 (d, 1 H, J = 18.4 Hz), 1.94 (s, 3 H), 2.04 (m, 2 H), 2.10 (s, 3 
H), 2.21 (s, 3 H), 2.29 (m, 1 H), 2.36 (s, 3 H), 2.52 (d, 1 H, J = 15.0 Hz), 3.40 (d, 1 H, 
7 = 15.0 Hz), 7.20-7.25 (m, 2 H), 7.61 (d, 1 H, J = 7.7 Hz), 8.55 (d, 1 H, 3 = 3.8 Hz); 
13c NMR (62.9 MHz, CDCI3)： 8 15.6, 17.0，18.6, 19.6, 19.8, 20.8, 25.1, 26.8, 42.3, 
42.9, 47.6, 48.1, 57.9, 121.0，122.6, 130.6, 133.5，134.4, 136.2, 137.6，137.7, 144.5, 
146.8，155.8,194.1. 
General procedure for alkaline hydrolysis of camphorsulfonate. hydrolysis of the 
camphorsulfonate (S)-(Ryi04 was described as a typical example. 
(/^)-(+)-2-(3-Methyl-2-pyridyl)-3,5-di-tert-butylphenol [(/?)-(+)-75b)]. 
The camphorsulfonate (S)-{Ryi04 (510 mg, 0.94 mmol) was added to a solution of 
sodium hydroxide (150 mg, 3.74 mmol) in aqueous methanol (v/v = 1:1，10 mL). The 
reaction mixture was stirred at 60 0 C for 12 h and then methanol was removed by 
rotary evaporation. The aqueous solution was extracted with diethyl ether (10 mL x 
3). The aqueous layer was neutralized with dilute HC1 (10%) to pH = 6-7，and was 
then extracted again with ether (10 mL x 2). The combined extracts were washed with 
brine, dried over MgSO4 and filtered. After removal of the solvent, the residue was 
purified by column chromatography on silica gel using a solvent mixture of 
hexane/ethyl acetate (2:1) as the eluent to afford (/?)-(+)-2-(3-methyl-2-pyridyl)-3,5-
di-tert-butylphenol [OR)-(+)-75b] as colorless plate crystals (253 mg, 98 %). mp 162-
164 o c (CHCl3); R / = 0.33 (hexane/ethyl acetate = 2 : 1); ^H NMR (250MHz，CDCl3) 
8 1.11 (s, 9 H), 1.31 (s, 9 H), 2.13 (s, 3 H), 4.60 (brs, 1 H)，6.82 (d, 1 H, J = 1.6 Hz), 
7.16 (d, 1 H, J = 1.6 Hz), 7.22 (dd, 1 H, Jj = 4.7 Hz, J2 = 7.5 Hz), 7.57 (d, 1 H, J = 
6.9 Hz), 8.49 (d, 1 H, J = 4.5 Hz); 1 ½ NMR (62.9 MHz, CDCl3): 8 19.2, 31.3, 32.0, 
34.8, 37.0, 110.9，117.1, 122.8,123.3，134.9,137.8, 146.8，148.2，152.0, 152.8，157.8; 
CD: [0]251 = -5940。，Ae251 = -1.80; [ a f ^ = + 24.6 (c = 0.35, CHCI3)； Optical purity 
> 99% ee (chiral Daicel OD HPLC column, l R = 18.6 min, flow rate : 0.3 mL/min, 




�- ( - ) -2-(3-Methyl-2-pyr idyl) -3 ,5-di- ter t -butylphenol [(S)-(-)-75b)] The procedure 
I was carried out as described for that for (^)-(+)-104 except that (5)-(5)-104 was used. 
零’ 
The reaction was completed in 18 h. After the same work up, (5)-(-)-2-(3-methyl-2-
- pyridyl)-3,5-di-tert-butylphenol [(5)-(-)-75b)] was obtained as colorless plate crystals 
in 99% yield, mp 162-164�C (CHCI3)； Rf= 0.33 (hexane/ethyl acetate = 2 : 1); ^H 
‘ NMR (250 MHz, CDCl3) 8 1.11 (s, 9 H), 1.31 (s，9 H), 2.13 (s, 3 H), 4.60 (brs, 1 H)， 
6.82 (d, 1 H, J = 1.6 Hz), 7.16 (d, 1 H, J = 1.6 Hz), 7.22 (dd, 1 H, Jj = 4.7 Hz, J2 = 
7.5 Hz), 7.57 (d, 1 H, J = 6.9 Hz), 8.49 (d, 1 H，J = 4.5 Hz); 1 ½ NMR (62.9 MHz, 
CDCl3) 8 19.2, 31.3, 32.0, 34.8, 37.0，110.9, 117.1，122.8, 123.3, 134.9, 137.8，146.8， 
148.2, 152.0, 152.8, 157.8; CD: [0]25l = + 5346。，A8251 = + 1.62; [ a fo = _24.8 (c = 
0.35, CHCl3); Optical purity = 96% ee (chiral Daicel OD HPLC column, TR = 13.0 
min, flow rate : 0.3 mL/min, hexane/2-propanol = 4 : 1). 
W- (+) -3 , 4，5-Trimethyl-2-(2-3-methylpyridyl)phenol [(RH+)-93a] By the 
general procedure and with the use of (5)-(^>-105, the reaction was carried out at 40 
o c fo r 24 h. A f t e r the same work up, (/? )-(+)-3,4,5-trimethyl-2-(2-3-
methylpyridyl)phenol [(R)-(+)-93a] was obtained as colorless plate crystals (99% 
yield), mp 186-187 oC (CHCl3); R / = 0.27 (hexane/ethyl acetate = 1 ： 1); [ocfo = + 
143.8 (c = 0.5, CHCl3); Optical purity = 99% ee (chiral Daicel OD HPLC column, TR 
=11.1 min, flow rate : 0.5 mL/min, hexane/2-propanol = 7 : 3). 
(SH-)-3, 4’ 5-Trimethyl-2.(2-3-methylpyridyl)phenol [(5)-(-)-93a] By the general 
procedure and with the use of CSH«-105，the reaction was carried out at 40 ^C for 24 
h. After the same work up, (5)-(-)-3,4,5-trimethyl-2-(2-3-methylpyridyl)phenol [{S)-(-
, >93a] was obtained as colorless prisms (99 % yield), mp 185-187 ^C (CHCI3)； R / = 
0.27 (hexane/ethyl acetate = 1 : 1); [ a f ^ = -105.0 (c = 0.5, CHCI3)； Optical purity = 
72% ee (chiral Daicel OD HPLC column, TR = 10.2 min, flow rate : 0.5 mL/min, 
hexane/2-propanol = 7 : 3). 
M ' 
g i 1 




I Racemization of (/^)-(+)-75b. 
I A 10 mL teflon-stopped flask was charged with (/?)-(+)-75b (5.0 mg, 0.017 
mmol) and dodecane (2 mL). The solution was deoxygenated by flushing with N ! for 
2 min and then sealed under N2. It was heated at 100 ^C for 8 h. HPLC analysis 
showed no sign of racemization. No racemization was found for the same sample for 
continuous heating at 120 oC (4 h) and 140 oC (4 h). At 160 oC for 4 h, 35% of (R)-
(+)-75b had racemized. 
Racemization of (5)-(-)- 75b • 
A 10 mL teflon-stopped flask was charged with (5)-(-)-75b (5.0 mg, 0.017 
mmol) and dodecane (2 mL). The solution was deoxygenated by flushing with N2 for 
2 min and then sealed under N2. It was heated at 100 ^C for 8 h. HPLC analysis 
showed no sign of racemization. No racemization was found for the same sample for 
continuous heating at 120 ^C (4 h) and 140 oC (4 h). At 160 ^C for 4 h, 35% of (R)-
(+)-75b had racemized. 
Racemization of (/?)-(+)-93a in dodecane 
A 10 mL teflon-stopped flask was charged with (/?)-{+)-93a (5.0 mg, 0.022 
mmol) and dodecane (2 mL). The solution was deoxygenated by flushing with N2 for 
--
2 min and then sealed under N2. It was heated to 40 °C for 8 h. HPLC analysis 
showed no sign of racemization. No racemization was found for the same sample for 
continuous heating at 50 ^C (4 h) and 60 ^C (4 h). At 70 ^C for 4 h, 30 % of (/?)-(+)-
93a had racemized. 
、• 
Solvent e f f ec t o n t h e enant ios lec t iv i ty of t h e a d d i t i o n of d ie thy lz inc to 
benzaldehyde catalyzed by W - ( + ) - 7 5 b . General procedure: the reaction in hexane 
was described as a typical example. To a solution of (/?)-(+)-75b (5 mg, 0.017 mmol) 
in dry hexane (2 mL) at -78 ^C under N2, Et2Zn (1 M in hexane, 0.68 mL, 0.68 mmol) 
was added. The mixture was stirred for 10 min. Benzaldehyde 106c (0.034 ml, 0.34 
mmol) was then added. The reaction mixture was allowed to warm up to 0 ^C and was 
stirred for 48 h under N2. Saturated aqueous NH4Cl (5 mL) was added and the 
mixture was extracted with diethyl ether (10 mL x 3). The extracts were washed with 
brine and dried over MgSO4. Purification by column chromatography with a solvent 
mixture ofhexane/EtOAc (4:1) as the eluent afforded l-phenyl-l-propanol (133c) as a 
colorless liquid (44 mg, 95%) and benzyl alcohol (134) (0.3 mg, 0.8%). (i?)-(+)-75b 
was recovered in 80% yield without the loss of optical purity, l - p h e n y l - l - p r o p a n o l l 7 7 
(133c): R / = 0.35 (CH2Cl2); [af^ = +41.1(c=1.0 CHCI3)； 87 % ee by HPLC analysis 
(Daicel OD chiral column. (Ryi33c, TR = 11.7 min; (5)-133c, l R = 14.5 min. Flow 
rate : 1.0 mL/min, hexane/2-propanol = 97.5 : 2.5); lR NMR (250 MHz, CDCl3) 8 
0.89 (t, 3 H, J = 7.4 Hz), 1.68-1.88 (m, 2 H)，2.19 (s, 1 H), 4.55 (t, 1 H, J = 6.5 Hz), 
123-131 (m, 5 H). MS (EI): m/z (relative intensity) (M+, 7), 108 (11)，107 (100)，79 
(100)，77 (85). Benzyl alcohol (134):l95b colorless liquid, R / = 0.22 (CH2CI2)； ^H 
^¾ 
NMR(250MHz，CDCl3) 82 .19 (brs, 1 H),4.71 (d，2H, 7 = 3 . 8 Hz),7.35 (m, 5 H). 
The same reactions were carried in toluene, diethyl ether，THF and CH2Cl2 at 
the same reaction conditions. The results were summarized in Table 14 in Chapter 
n i . (/^)-(+)-75b was recovered in 70-80% yield without the loss of optical purity in 
these reactions. 
Temperature influence on the enantioslectivity of the addition of diethylzinc to 
aryl a ldehyde catalyzed by OR)-(+)-75b. General procedure: the addition reaction of 
Et2Zn to benzaldehydes in toluene at -23 ^C was described as a typical example. To a 
solution of (/Q-(+)-75b (5 mg, 0.017 mmol) in dry toluene (2 mL) at -78 ^C under N2, 
“ Et2Zn (1 M in hexane, 0.68 mL, 0.68 mmol) was added. The mixture was stirred for 
10 min. Benzaldehyde 106c (0.034 ml, 0.34 mmol) was then added. The reaction 
mixture was then immediately placed in CCl4-dry ice bath (-23 ^C) and stirred for 48 
h under N2. Saturated aqueous NH4Cl (5 mL) was added a n d t h e mixture was 
extracted with Et2O (10 mL x 3). The extracts were washed with brine and dried over 
M g S 0 4 . Purification by column chromatography on silica gel with a mixture of 
hexane/EtOAc (4:1) as the eluent afforded l-phenyl-l-propanol (133c) (20 mg, 45%) 
as a colorless liquid; 35% ee by HPLC analysis (Daicel OD chiral column). The (R)-
(+)_75b was recovered in 80% yield without the loss of optical purity. 
The same reactions were carried out at -15 oC (ethylene glycol-dry ice bath), 
-8 (ethylene glycol-water bath, v/v: 1:4)，0 ^C (ice bath), 8，15, and 2 5 � C (RTE-210 
water bath, NESLAB INSTRUMENTS, INC.) at the same reaction conditions. The 
temperatures were measured by a FLUKE digital thermometer 2170A (土 0.1 oC). The 
results were summarized in Table 15 in Chapte r I I I . 
Concentra t ion influence of (/^)-(+)-75b on the enantioslectivity of the addit ion of 
diethylzinc to benzaldehyde. General procedure: the addition reaction in hexane in 
the presence of 10 mol% of (/?)-(+)-75b was described as a typical example. To a 
solution of (RH+y75h (10 mg, 0.034 mmol, 12.6 mM) in dry hexane (2 mL) at -78 
•»>. 
o c under N2, Et2Zn (1 M in hexane, 0.68 mL, 0.68 mmol) was added. The mixture 
was stirred for 10 min. Benzaldehyde 106c (0.034 ml, 0.34 mmol) was then added. 
The reaction mixture was allowed to warm up to 0 oC and was stirred for 48 h under 
N2. Saturated aqueous NH4Cl (5 mL) was added and the mixture was extracted with 
diethyl ether (10 mL x 3). The extracts were washed with brine and dried over 
MgSO4. Purification by column chromatography on silica gel with a solvent mixture 
of hexane/EtOAc (4 : 1) as the eluent afforded l-phenyl-l-propanol (133c) as a 
colorless liquid (44.4 mg, 96 %). 93 % ee by HPLC analysis (Daicel OD chiral 
column) 
With the use of 5.0 mol% of (RH+)-75h (5 mg, 0.017 mmol, 6.3 mM), the 
reaction at the same conditions generated l-phenyl-l-propanol (133c) in 95 % yield. 
87 % ee by HPLC analysis (Daicel OD chiral column). 
With the use of 15 mol% of ( /^H+)-75b (14.9 mg, 0.05 mmol, 18.7 mM), the 
reaction was carried out in toluene under the same reaction conditions to afford 1-
phenyl-1-propanol (133c) in 95 % yield. 79 % ee by HPLC analysis (Daicel OD chiral 
column). 
With the use of 10 mol% of (R)-(+y75b (10 mg, 0.034 mmol, 12.6 mM), the 
reaction was carried out in toluene under the same reaction conditions to afford 1-
phenyl-l-propanol (133c) in 94 % yield. 83 % ee by HPLC analysis (Daicel OD chiral 
column). 
With the use of 5.0 mol% of (^)-(+)-75b (5 mg, 0.017 mmol, 6.3 mM), the 
reaction was carried out in toluene under the same reaction conditions to afford 1-
phenyl-l-propanol (133c) in 90 % yield. 75 % ee by HPLC analysis (Daicel OD chiral 
column). 
With the use of 2.0 mol% of (^)-(+)-75b (2 mg, 0.0067 mmol, 2.5 mM), the 
reaction was carried out in toluene under the same reaction conditions to afford 1-
phenyl-1-propanol (133c) in 31 % yield. 2.2 % ee by HPLC analysis (Daicel OD 
•， chiral column). 
Elec t ronic effect on the enantioslectivity of the addi t ion of diethylzinc to p-
substituted aryl aldehydes catalyzed by (^)-(+)-75b. General procedure: the 
preparation of 1-phenyl - l -propanol (133c) was described as a typical example. To a 
solution of (/?)-(+)-75b (5 mg, 0.017 mmol) in dry toluene (2 mL) at -78 ^C under N2, 
Et2Zn (1 M in hexane, 0.68 mL, 0.68 mmol) was added. The mixture was stirred for 
10 min. Benzaldehyde 106c (34 pL，0.34 mmol) was then added. The reaction 
mixture was allowed to warm up to 0 ^C and was stirred for 48 h under N2. Saturated 
aqueous NH4Cl (5 mL) was added and the mixture was extracted with Et2O (10 mL x 
3). The extracts were washed with brine and dried over MgSO4. Purification by 
column chromatography on silica gel with a solvent mixture of hexane/EtOAc (4 : 1) 
as the eluent afforded 1-phenyl-l-propanol (133c) as a colorless liquid (42 mg, 90%). 
R / = 0.35 (CH2Cl2); [a ]o = +39.2 (c=1.0, CHCI3)； 75% ee by HPLC analysis 
(Daicel OD chiral column); lR NMR (250 MHz, CDCl3) 5 0.89 (t, 3 H, J = 7.4 Hz), 
1.68-1.88 (m, 2 H), 2.19 (s, 1 H)，4.55 (t, 1 H , 7 = 6 . 5 Hz), 7.23-7.37 (m, 5 H); MS 
(ElD: mJz (relative intensity) 136 (M+, 7)，108 (11)，107 (100)，79 (100)，77 (85). 
l - (p-Dimethylaminophenyl ) - l -propanol (133a)) . W i t h t h e u s e of p~ 
dimethylaminobenzaldehyde 106 a (51 mg, 0.34 mmol), 1 - 0?-dimethylaminophenyl)-
1-propanol was obtained as a colorless liquid (54 mg, 88 %). R / = 0.25 (CH2Cl2); 
[ a ] ^ = + 44.7 (c=3.0, C6H6); 40% ee by HPLC analysis (Daicel OD chiral column. 
(R)-133a, l R = 26.6 min; (5)-133a, l R = 30.6 min. Flow rate : 0.5 mL/min, hexane/2-
propanol = 95 : 5); l R NMR (250 MHz, CDCl3) 8 0.89 (t, 3 H, J = 7.5 Hz), 1.68-1.86 
(m, 3 H), 2.94 (s, 6 H), 4.48 (t, 1 H, J = 7.5 Hz), 6.72 (d, 2 H, J = 6.6 Hz), 7.21 (d, 2 
H, 7 = 6 . 6 Hz); M S (EI): m/z (relative intensity) 179 (M+，18)，150 (100)，120 (12); IR 
(neat): 3400, 2924，1598, 1500 cm_l; HRMS (matrix, NBA) calcd f o r C n H 1 7 N O H+-
H2O 162.1283, found 162.1293. 
l-(p-Methoxyphenyl)-l-propanol 177 (133b). W i t h t h e u s e of p -
methoxybenzaldehyde 106b (41 ^iL, 0.34 mmol), 1 -0^-methoxylphenyl)-1 -propanol 
was obtained as a colorless liquid (54 mg, 96 %). R / = 0.26 (hexane/ethyl acetate = 4 : 
1)； [a]2o = +21.9 (c=1.0, CHCl3); 66% ee by HPLC analysis (Daicel OD chiral 
colomn. (Ryi33h, TR = 17.1 min; (5)-133b ,TR = 19.6 min. Flow rate : 1.0 mL/min, 
hexane/2-propanol = 97.5 : 2.5); !H NMR (250 MHz, CDCl3) 5 0.86 (t, 3 H, J = 7.4 
Hz), 1.61-1.84 (m, 2 H), 2.50 (s, 1 H), 3.77 (s, 3 H), 4.47 (t, 1 H, 7 = 6.7 Hz), 6.84 (d, 
2 H, J = 7.5 Hz), 7.23 (d, 2 H, J = 7.5 Hz); MS (EI): m/z (relative intensity) 166 (M+, 
6), 137 (100), 109 (42)，94 (29). 
l - ( p - C h l o r o p h e n y l ) - l - p r o p a n o l l 7 7 ( i33d) • With the use of p-methoxybenzaldehyde 
106d (48 mg, 0.34 mmol), l-0?-chlorophenyl)-l-propanol was obtained as a colorless 
liquid (56 mg, 97 %)• R / = 0 . 3 8 (hexane/ethyl acetate = 4 : 1); [ a ] ^ = +18.9 (c=1.4, 
C6H6); 80% ee by HPLC analysis (Daicel OD chiral column. (/?>133d, TR = 12.3 
min; (5)-133d, l R = 11.6 min. Flow rate : 1.0 mL/min, hexane/2-propanol = 97.5 : 
2.5); lH N M R (250 MHz, CDCl3) 8 0.86 (t, 3 H, 7 = 7.4 Hz), 1.60-1.78 (m, 2 H), 2.57 
(s, 1 H), 4.51 (t, 1 H, J = 6.5 Hz), 7.21 (d, 2 H，J = 6.5 Hz), 7.29 (d，2 H，J = 6.5 Hz); 
M S (EI): m/z (relative intensity) 170 (M+, 6)，143 (31)，141 (97)，77 (100). 
l-(p-Cyanophenyl)- l -propanol (133e). With the use of p-cyanobenzaldehyde 106e 
(45 mg, 0.34 mmol), 1 -(p-cyanophenyl)-1 -propanol was obtained as a colorless liquid 
(53 mg, 97 %). R / = 0.24 (hexane/ethyl acetate = 4 : 1); [ a ] ^ = + 19.6 (c=3.0, C6H6); 
89% ee by H P L C analysis (Daicel OD chiral column. (/?>133e, TR = 39.8 min; (5)-
133e, TR = 38.8 min. Flow rate : 1.0 mL/min, hexane/2-propanol = 97.5 : 2.5); ^H 
N M R (250 MHz, CDCl3) 8 0.90 (t, 3 H, 7 = 7 . 4 Hz), 1.68-1.77 (m, 2 H), 3.13 (brs, 1 
H), 4.65 (brs, 1 H), 7.44 (d, 2 H, J = 8.2 Hz), 7.58 (d, 2 H, J = 8.2 Hz); 13c N M R 
(62.9 MHz, CDCl3) 8 9.7, 31.9, 74.9, 110.9，118.8；126.6, 132.1, 150.0; M S (EI): m h 
(relative intensity) 161 (M+，3)，132 (100)，104 (68); IR (neat): 3400，2950, 2206， 
« 1602，1498 c m - l ; H R M S (matrix, NBA) calcd for C i o H n N O H + 162.0913，found 
162.0912. 
l - ( 2 - N a p h t h y l ) - l - p r o p a n o l 2 l 0 ( i33f) . With the use of 2-naphthaldehyde 106f (53 
mg, 0.34 mmol), 1 - (2-naphthyl)-1 -propanol was obtained as a colorless semisolid (58 
mg, 92 %). R / = 0.36 (hexane/ethyl acetate = 4 : 1); [ a f ^ = + 16.2 (c=2.0, C6H6); 
72% ee by H P L C analysis (Daicel OD chiral column, (/^>133f, TR = 33.2 min; (5)-
133f，TR = 29.0 min. Flow rate : 1.0 mL/min, hexane/2-propanol = 97.5 : 2.5). ^H 
N M R (250 MHz, CDCl3) 8 0.90 (t, 3 H, J = 7.4 Hz), 1.77-1.91 (m, 2 H), 2.23 (brs, 1 
H), 4.70 (t, J = 6.5 Hz, 1 H), 7.41-7.48 (m, 3 H), 7.72 (s, 1 H), 7.77-7.82 (m, 3 H); 
M S (EI): m/z (relative intensity) 186 (M+，53), 169 (41), 157 (92), 129 (100), 
l-(p-Trif luoromethylphenyl)- l-propanoll80 ( i 3 3 g ) . W i t h the u s e of p-
tr if luorobenzaldehyde 106g (47.6 ^iL, 0.34 mmol) , l-0^-trifluoromethylphenyl)-l -
propanol was obtained as a colorless liquid (67 mg, 97 %). R / = 0.36 (hexane/ethyl 
acetate = 4 : 1); [ a ] ^ = + 11.9 (c=1.8, Q H 6 ) ; 68% ee by !H NMR analysis of its (5)-
0-methylmandelate. lR NMR (250 MHz, CDCl3) 8 0.89 (t, 3 H, J = 7.4 Hz), 1.68-
1.80 (m, 2 H), 2.51 (brs, 1 H), 4.62 (t, 1 H, / = 6 . 4 Hz), 7.41 (d, 2 H, J = 8.2 Hz), 7.59 
(d, 2 H, J = 8.2 Hz); M S (EI): m/z (relative intensity) 204 (M+，2), 175 (100)，127 
(110). 
( S ) - 0 - M e t h y l m a n d e l i c ac id (135)2H (5)-mandelic acid (4.0 g, 26 mmol) was added 
to a hot solution of sodium hydroxide (14.0 g, 348 mmol) in H 2 O (50 mL). After 
cooling down to 45-50 oC，dimethyl sulfate (13.5 mL, 145 mmol) was added over a 
period of one hour. The reaction mixture was cooled down to room temperature, the 
precipitate was filtered and was then dissolved in hot water (15 mL). The solution was 
neutralized with concentrated HC1 to pH = 3. The mixture was cooled down to 20 0 C 
r 
and f i l te red . Then res idue (1.7 g) was dissolved in hot water (10 m L ) and 
concentrated HC1 (0.2 mL) was added. The reaction mixture was cooled to room 
, temperature and more concentrated HC1 (0.5 mL) was added. The mixture was 
extracted with diethyl ether (10 m L x 3) and the extracts were washed with H2O (10 
mL), dried over Na2SO4. After removal of ethyl ether, (5)-0-methylmandelic acid 
was obtained (1.1 g, 25 %) as a white solid, mp 64-66 oC ( L i t . 2 l 2 65-66 oC). [ a f ^ = 
+115.6 (c=1.0, C2H5OH); lH N M R (250 MHz, CDCl3) 8 3.41 (s, 3 H), 4.78 (s, 1 H), 
7 . 4 0 ( m , 5 H ) , 8 . 4 5 ( b r s , l H ) . 
General procedure for preparation of (5)-0-methylmandelates. 201 The preparation of 
l -phenyl- l -propanyl - (5)-0 -methylmand€lates (136c) was described as a typical 
example. D M A P (11 mg, 0.09 mmol) was added all at once to a solution of 1-phenyl-
1-propanol (133c) (122 mg, 0.9 mmol) , (5) -0-methylmandel ic acid (149 mg, 0.9 
mmol ) , and D C C (180 mg, 0.9 mmol ) in dry C H 2 C l 2 (10 mL) at the room 
temperature. White precipitate dicyclohexylurea (DCU) was formed immediately. 
Af te r stirring for 30 min, 1 - p h e n y l - l - p r o p a n o l was consumed comple te ly as 
monitored by TLC. DCU was removed by filtration and washed with CH2Cl2 (10 m L 
X 2). The combined filtrates were washed with HC1 ( l M , 10 mL x 2), saturated 
N a H C 0 3 (10 mL x 2) and brine (10 mL x 2). The organic phase was then dried over 
MgSO4 and filtered. After removal of the solvent, a colorless oil formed and was 
puri f ied by column chromatography on silica gel with a solvent mixture of 
hexane/EtOAc (8 : 1) as the eluent to afford diastereomeric mixture of 136c as a 
sticky colorless liquid (242 mg, 95%). Rf= 0.26 (hexane/ethyl acetate = 8 : 1); MS 
(EI): m/z (relative intensity) 284 (M+, 0.1)，167 (7)，135 (13)，121 (100)，91 (20); JR 
(neat): 2971, 2938, 1751, 1500, 1454 cm_l ; HRMS (matrix, NBA) calcd for 
Ci8H20O3H+ 285.1485, found 285.1479. 
(R, S) - l -Phenyl- l -propanyl-0-methylmandelate [{R, S ) -136c] . ^H N M R (250 
MHz, CDCl3) 8 0.63 (t, 3 H, J = 7.4 Hz), 1.66-1.86 (m，2 H), 3.38 (s, 3 H), 4.78 (s, 1 
H), 5.71(t, 1 H, J = 7.4 Hz), 7.35 (m, 10 H). 
(S, S> 1 -Phenyl-l-propanyl-0-methylmandelate [(5, 5)-136c]. ^H NMR (250 MHz， 
CDCl3) 8 0.85 (t, 3 H, J = 7.4 Hz), 1.66-1.86 (m, 2 H), 3.40 (s, 3 H), 4.81 (s, 1 H), 
5.71 (t, 1 H, 7 = 7.4 Hz), 7.27 (m, 10 H). 
*s 
With the use of the (133e), a diastereomeric mixture of 136e was obtained as a 
sticky colorless liquid in 95 % yield. Rf= 0.35 (hexane/ethyl acetate = 4 : 1); MS 
(EI): m/z (relative intensity) 309 (M+，1), 144 (10), 121 (100); IR (neat): 2973，2936， 
2229, 1751, 1610，1506, 1456 c m ] ; HRMS (matrix, NBA) calcd forC19H19NO3 H + 
310.1438,found310.1418. 
(R, S)-i-(p-Cyanophenyl)-l-propanyl-0-methylmandelate [(S, ^)-136e] . ^HNMR 
(250 MHz, CDCl3) 8 0.66 (t，3 H, J = 7.4 Hz), 1.70-1.82 (m, 2 H), 3.39 (s, 3 H), 4.80 
(s, 1 H), 5.69 (t, 1 H, J = 6.1 Hz), 7.42 (m, 7 H), 7.59 (d, 2 H , 7 = 8 . 2 Hz). 
(S, S)-l-^i-Cyanophenyl)-l-propanyl-0-methylmandelate [(S, 5)-136e]. ^H NMR 
(250 MHz, CDCl3) 5 0.86 (t, 3 H, J = 7.4 Hz), 1.70-1.82 (m, 2 H), 3.44 (s, 3 H), 4.83 
(s, 1 H), 5.69 (t, 1 H, J = 6.1 Hz), 7.00 (d, 2 H, J = 8.2 Hz), 7.42 (m, 7 H). 
With the use of the (133g), a diastereomeric mixture of 136g was obtained as a 
sticky colorless liquid in 97 % yield. R / = 0.33 (hexane/ethyl acetate = 8 : 1); MS 
(EI): mJz (relative intensity) 352 (M+, 1)，158 (8), 121 (100); IR (neat): 2973, 2938, 
1616, 1498，1456 cm_l ; H R M S (matrix, NBA) calcd for C19H19F3O3.H+ 353.1331, 
found 353.1359. 
(R, S) - l - (p-Tri f luoromethylphenyl ) - l -propanyl -0 -methylmandelate [(R S ) -
136g]. l H N M R (250 MHz, CDCl3) 5 0.66 (t, 3 H, J = 7.4 Hz), 1.71-1.83 (m, 2 H), 
3.40 (s, 3 H), 4 .80 (s, 1 H), 5.72 (t, 1 H, J = 6.3 Hz), 7.42 (m, 7 H), 7.57 (d, 2 H, J = 
8.3 Hz). 
(5, S > l - (p-Trif luoromethylphenyl)- l -propanyl -0 -methylmandelate [ (S S)-136g]. 
lH N M R (250 MHz, CDCl3) 5 0.86 (t, 3 H，J = 7.4 Hz), 1.67-1.83 (m, 2 H), 3.41 (s, 3 
H), 4.83 (s, 1 H), 5.72 (t, 1 H, J = 6.3 Hz), 7.08 (d, 2 H, J = 8.3 Hz), 7.42 (m, 7 H). 
General procedure for competition experiments. / ; -D imethy laminobenza ldehyde 
(106a) and b e n z a l d e h y d e (106c) were shown as a typical example. To a solution of 
(Ry(+y7Sb (5 mg, 0.017 mmol) in dry toluene (1 mL) at -78 ^C under N2, Et2Zn (1 
M in hexane, 0.68 mL, 0.68 mmol) was added. The mixture was stirred for 10 min. A 
solu t ion of / 7 - d i m e t h y l a m i n 0 b e n z a l d e h y d e ( 1 0 6 a ) (51 mg, 0 .34 mmol ) and 
benzaldehyde (106c) (34 ^iL, 0.34 mmol) in toluene (1 mL) was then added. The 
reaction mixture was allowed to warm up to 0 ^C and was stirred for 48 h under N2. 
Saturated aqueous NH4Cl (5 mL) was added and the mixture was extracted with Et2O 
(10 m L X 3). The extracts were washed with brine and dried over MgSO4. Purification 
by column chromatography on silica gel with a mixture of hexane/EtOAc (4 : 1) as 
the eluent afforded 133a (4.0 mg, 0.022 mmol) and 133c (30 mg, 0.22 mmol) . The 
relative rate of 106a/106c towards the addition by Et2Zn was found to be 1: 10. 133a: 
R / = 0.25 (CH2Cl2); 38% ee by HPLC analysis. 133c: R / = 0.35 (CH2CI2)； 31 % ee by 
HPLC analysis. 
Competitive experiment between 106c and 106e 
With the same procedure, the benzaldehyde (106c) (34 pL, 0.34 mmol) and p-
cyanobenzaldehyde (106e) (45 mg, 0.34 mmol) were submitted to the same reaction. 
After work up afforded 133c (5.6 mg, 0.041 mmol) and 133e (32 mg, 0.20 mmol). 
The relative rate of 106c/106e towards the addition by Et2Zn was found to be 1: 4.9. 
133e: R / = 0.24 (hexane/ethyl acetate = 4 : 1); 39% ee by HPLC analysis. 
Competitive experiment between 106a and 106d 
With the same procedure, p-dimethylaminobenzaldehyde (106a) (51 mg, 0.34 
mmol) and p-chlorobenzaldehyde (106d) (48 mg, 0.34 mmol) were submitted the 
same reaction. After work up afforded 133a (1.33 mg, 0.0074 mmol) and 133d (43 
mg, 0.25 mmol). The relative rate of 106a/106d towards the addition by Et2Zn was 
found to be 1: 3 4 . 1 3 3 a : R / = 0.25 (CH2CI2)； 35% ee by HPLC analysis. 133d: R / = 
0.38 (hexane/ethyl acetate = 4 : 1); 62% ee by HPLC analysis. 
Enantioslective addition of diethylzinc to /;-substituted aryl aldehydes catalyzed 
by (S)-(-)-75b. The procedure ofcatalytic addition of diethylzinc to p-substituted aryl 
aldehydes catalyzed by (5)-(-)-75b was the same as that catalyzed by ( i^H+)-75b. 
r..S.' 
l - (p-Dimethylaminophenyl ) - l -propanol (133a). With the use of p-
dimethylaminobenzaldehyde (106a) (51 mg, 0.34 mmol), the reaction was carried out 
in the presence of 5 mol% of (5)-(-)-75b in toluene at 0 oC for 48 h. After work up, 1-
(p-dimethylaminophenyl)-1 -propanol (133a) was obtained as a colorless liquid (13.9 
mg, 30%); (5)-isomer was in 50% ee determined by HPLC analysis (Daicel OD chiral 
column). 
::、' 
l-(p-Methoxyphenyl)-l-propanol213 ( l 3 3 b ) . With the u s e of p -
methoxybenzaldehyde (106b) (41 ^iL, 0.34 mmol), the reaction was carried out in the 
presence of 5 mol% of (5)-(-)-75b in toluene at 0 ^C for 48 h. After same work up, 1-
(p-methoxyphenyl)-1 -propanol (133b) was obtained as a colorless liquid (40.6 mg, 
72%); < 2% ee by HPLC analysis (Daicel OD chiral column). 
1-Phenyl-l-propanol (133c).l77 wi th the use ofbenzaldehyde (106c) (34 \iL, 0.34 
mmol), the reaction was carried out in the presence of 5 mol% of (5)-( - ) -75b in 
toluene at 0 ^C for 48 h. After work up, (5)-1 -phenyl-1 -propanol (133c) was obtained 
as a colorless liquid (40.6 mg, 89%); (5)-isomer was in 14% ee determined by HPLC 
analysis (Daicel OD chiral column). 
l - 0 ^ - C h l o r o p h e n y l ) - l - p r o p a n o l 2 1 3 (133d). With the use of p-chlorobenzaldehyde 
(106d) (48 mg, 0.34 mmol), the reaction was carried out in the presence of 5 mol% of 
(5)-(.)-75b in toluene at 0 oC for 48 h. After work up, 1 -O^-chlorophenyl)-1 -propanol 
(133d) was obtained as a colorless liquid (52.5 mg, 91%); (5)-isomer was in 37% ee 
determined by HPLC analysis (Daicel OD chiral column). 
l-0^-Cyanophenyl)-l-propanol (133e). With the use of p-cyanobenzaldehyde (106d) 
(45 mg, 0.34 mmol), the reaction was carried out in the presence of 5 mol % of (5>(-
)-75b in toluene at 0 oC for 48 h. After work up, 1 -(p-cyanophenyl)-1 -propanol (133e) 
. was obtained as a colorless liquid (53 mg, 97%); (5)-isomer was obtained in 93% ee 
determined by HPLC analysis (Daicel OD chiral column). 
Enantioselective addition of diethylzinc to /;-substituted aryl aldehydes catalyzed 
by (^) - (+)-93a . The procedure of catalytic addition of diethylzinc to aldehydes 
catalyzed by (/?)-(+)-93a was the same as that catalyzed by (i?)-(+)-75b. 
l - (^-Dimethylaminophenyl)- l -propanol (133a). W i t h the u s e of p-
dimethylaminobenzaldehyde (106a) (51 mg, 0.34 mmol), the reaction was carried out 
in the presence of 5 mol% of (^)-(+)-93a (4 mg, 0.017 mmol) in toluene at 0 ^C for 
48 h. After work up, l-O7-dimethylaminophenyl)-l-propanol (133a) was obtained as a 
colorless liquid (41 mg, 68%); (^)- isomer was in 21% ee determined by HPLC 
analysis (Daicel OD chiral column). 
l-Oi.Methoxyphenyl)-l-propanol (133b). With the use of p-methoxybenzaldehyde 
(106b) (41 nL, 0.34 mmol), the reaction was carried out in the presence of 5 mol% of 
(/e>(+)-93a in toluene at 0 ^C for 48 h. After work up, l-0^-methoxyphenyl)-l-
propanol (133b) was obtained as a colorless liquid (41 mg, 73%); (/?)-isomer was in 
12% ee determined by HPLC analysis (Daicel OD chiral column). 
1 -Pheny l - l -propano l (133c). With the use of benzaldehyde (106c) (34 ^iL, 0.34 
mmol) , the reaction was carried out in the presence of 5 mol% of (^)-(+)-93a in 
toluene at 0 oC for 48 h. After work up, l -phenyM-propanol (133c) was obtained as a 
colorless liquid (41 mg, 89%); (^) - i somer was in 17% ee determined by HPLC 
analysis (Daicel O D chiral column). 
l - 0^ -Chloropheny l ) - l -propano l (133d). With the use of p-chlorobenzaldehyde 
(106d) (48 mg, 0.34 mmol), the reaction was carried out in the presence of 5 mol% of 
r 
(^)_(_)_93a in toluene at 0 � C for 48 h. After work up, l -0-chlorophenyl)- l -propanol 
(133d) was obtained as a colorless liquid (50 mg, 87%); (/?)-isomer was in 23% ee 
^ determined by HPLC analysis (Daicel OD chiral column). 
l-0^-Cyanophenyl)-l-propanol (133e). With the use of p-cyanobenzaldehyde (106d) 
(45 mg, 0.34 mmol), the reaction was carried out in the presence of 5 mol% of (R)-
(+)-93a in toluene at 0 oC for 48 h. After work up, l-(p-cyanophenyl)-l-propanol 
(133e) was obtained as a colorless liquid (50.4 mg, 92%); (^)- isomer was in 41% ee 
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